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ABSTRACT 


The present study examines the effects of low and 
monotonically declining fertility on the stabilization pro- 
cess of a human population. It may, also, be classified as 
an extension of Coale's work on the stabilization process of 
a human population. The basic approach used in the study is 
that of Keyfitz's projection matrix approach which involves 
the method in which population dynamics are depicted as 
a sequence of matrices. 

A stable population is defined as a closed 
population with constant fertility and mortality schedules. 
In a closed population, the interaction between the constant 
schedules of fertility and mortality over a period of time 
produces one and only one age distribution which is 
independent of its initial age structure. 

A new way of visualizing the stabilization process 
of a population has been proposed in the present study. We 
have found that the notion of slope(s) between two successive 
age groups of an age distribution in determining the stabil- 
ity of a population is as reliable as any other criterion. 

It has been observed that the mean of the slope 
distribution is positively related to the level of fertility 


when the process of stabilization is completed. 


haawiad (s 
a ‘7 
= _ sf So . ‘1 
= - bast 49s 6 2 (Le 
- 
id 


“ 7 
at) iFr Lee. 


ai 


The variance of the slope distribution indicates changes in 
the age of a population. High fertility schedules overcome 
oscillations in the slope distributions more quickly than 
low fertility schedules. 

The distance between initial and stable age 
distributions, both in terms of proportions and time, is 
critically reviewed. We have found that the index of dis- 
Similarity is not a proper indicator of the temporal distance 
(in terms of proportions). However, it is found that the 
index of dissimilarity is a useful measure of the aging 
process of a population. 

Length of the process of stabilization is found to 
be related with (a) level of fertility, (b) degree of consis- 
tency between the fertility schedule and initial age 
distribution, and (c) the interaction between level of fer- 
tility and the degree of consistency (b). It is observed 
that high fertility is negatively related with the length of 
the process. We also found that fertility schedules that are 
very different from those implied by the initial age distri- 
bution take a much longer time to stabilize the proportionate 
age distributions than the schedules more consistent with 
the initial age distribution. If the degree of consistency 
is less, between the fertility schedule and the initial age 
distribution, and the fertility level is very low, the 
length of the process will be longer than the two instances 


we have mentioned above. 
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The process of stabilization and the social 

aspects of achieving a stabilized population are discussed 
and the advantages of lower fertility schedules, in the 

long run, over the higher fertility schedules are demon- 
strated. It is argued that whereas the utility of stable 
population concept is important in estimating population 
growth, size, distributions, and the vital processes in 
developing countries with scanty data, the concept of stable 
population is equally important for the developed countries 


in understanding their socio-economic problems. 
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MODELS OF POPULATION GROWTH 


In this chapter the general background of the 
study is described. A brief review of literature on the 
models regarding mortality, fertility and population growth 
is provided. Owing to its very special nature, the migra- 
tion component of population growth is not discussed in our 
analysis. In Chapter II, details of the present research 
are provided. 

There are two components of natural growth of 
population, namely, fertility and mortality. A population 
which changes only through fertility and mortality is termed 
a closed population whose growth and the components of 
growth are extensively analysed in the literature through 
models. The contemporary developments in model building 
discussed by Keyfitz (1971), and independent reviews of most 
of the models provided by Sheps et al (1969) and Krishnan 
(1971) have been drawn on because of their relevance to 


the study. 


MODELS IN MORTALITY STUDIES 


Mortality has always been of major concern to 
both the lay and specialist persons. Most individuals and 
societies approve, implicitly or explicitly, the attempts 
to enhance the chances of human survival. Such a consensus 
on the importance of mortality studies perhaps provided an 
impetus to the social scientists of the past to devote 
their attention to the determinants and the consequences of 
mortality. One indication of this long-standing concern 
with mortality is the systematic and conceptual framework 
on mortality developed as early as 1662 by Graunt. Based 
on Graunt's framework, Halley constructed the first 
empirical life table in 1693. 

Since 1693, much attention has been paid to 
developing life tables with increasing methodological so- 
phistication. Due to the regularities in the age-specific 
mortality patterns in almost all societies, the model life 
tables by the United Nations (1955 and 1968), Coale and 
Demeny (1966), Ledermann (1969), and Carrier and Hobcraft 
(1971) have become benchmarks in contemporary mortality 
studies. The major assumption in the model life tables is 
that the age-sex differentials of mortality are inter- 
related. The powerfulness of the model life tables lies 
in the fact that from mortality knowledge for one age-group 
the mortality rates for all other age groups (except infant 


mortality rates) can be estimated. 
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As mortality has declined in the past almost all 
over the world, there is a growing interest in constructing 
mortality tables by causes of death (Preston, Keyfitz and 
Schoen, 1972). The regularities in the mortality patterns 
and the degree of accuracy achieved by the model life 
tables have resulted in fairly reasonable mortality projec- 
tions by the generation and the time trend methods 


(Spiegelman, 1968, pp. 153-63), 
MODELS OF FERTILITY AND POPULATION GROWTH 


Models of fertility and population growth may be 
discussed under a variety of topics. A bird's-eye view of 
some of these models is presented and arranged as stochas- 
tic models, model fertility tables approach, mathematical 
models, theoretical frameworks, and the stable population 


model. 


Stochastic Models 

The stochastic models are available both at the 
micro- and macro-level of analysis. Applications of mathe- 
matical and statistical knowledge and the use of computers 
are the core of contemporary stochastic models. The works 
Of, sLoui.S sHenrye (195375869577) 69 6 eaeand)h964:):, pBrasse (1958) 7, 
Singh (1964), and Perrin and Sheps (1964) are widely men- 
tioned in the literature. Henry's works deal with the 
'natural' fertility and are confined mainly to the 


investigation of the effects of physiological variations 


on human reproduction. His models of 'natural' fertility 
and family building deal with the problems of measurement 
of reproductive performance of married females. The models 
investigate the 'natural' fertility variations, the role 

of biological determinants of reproduction, the age at 
marriage, etc.. 

Brass's (1958) model deals with the probability 
distribution of births to mothers with completed fertility. 
Singh's (1964) model relates with the generalization that 
the probability distributions of the number of conceptions 
with fixed exposure follows a Poisson distribution. 

Perrin and Sheps (1964) applied renewal theory 
to the study of human reproduction. Perrin and Sheps' 
model has been supplemented from time to time by Sheps 
(1964; 1966a; and 1966b). In the model, a woman entering 
a sexual union is exposed to the risks of conception and 
the termination of pregnancy is allowed to be in one of 
the several forms. The models by Henry, Brass, Singh, and 


Perrin and Sheps are micro in nature. 


Mode Unlereuilty slalilcomappELoach 


Bourgeois-Pichat (1965) has made use of certain 
sociological and physiological variables at the macro-level. 
His approach is analytical in nature supplemented by empiri- 
calmfindings.” “In the@prepartion*o£ “model fertility tables, 
he classified the world into five regions based on five 


patterns of marriage. The combination of factors such as 


coital frequency, infertility, foetal mortality, are used 
Ong CLedlErerent posstbi latiest ofanaturalmfertility se He 
arrives at the figure of 16,170 possibilities of natural 
fertility by using five nuptiality patterns, seven infer- 
tility patterns, fourteen lengths of infertile periods, 
coital frequency as low as two and as high as thirty per 
cycle, and three lengths of ovum. However, he does not 
consider in his model fertility tables the effects of 
variables such as the use of contraception, changes in 
social norms and values, and so forth. 

Among others, the contributions by Romaniuk 
(1973) and Coale and Trussell (1974) are important to men- 
tion. Romaniuk's (1973) model, which is specifically 
designed for fertility projections, makes use of three sim- 
ple demographic parameters, namely, level of fertility and 
mean and mode ages of fertility. His model is based on 
conventional frequency distributions such as Pearsonian 
curves. Coale's and Trussell's (1974) model fertility 
tables are based on age patterns of fertility. Their model 
is flexible enough to incorporate a combination of 


demographic factors such as age at marriage, mortality, etc.. 


Mathematical Models 

Mathematical models of population growth have also 
been emphasized in demographic literature. Contributions 
by Keyfitz (1964, 1965, and 1968) and Goodman (1968) cannot 


be overlooked when one is dealing with the population models. 
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The use of matrix algebra is the basic tool of their 
approach where a closed population is assumed and the past 
fertility and mortality experiences of a population are used 
as the basis of their matrix approach. These mathematical 


models are mainly used in preparing population projections. 


Theoretical Framework 

To clarify, the usefulness of models lies in 
predictions and "the accuracy of predictions is a test of 
PAcmOdelS em hCYolICZ,@LoO7l, De O71). Gince mortality pat-— 
terms in most nations can be known with fairly reasonable 
reliability while fertility estimates have not reached that 
level of sophistication, it can be stated that the stochas- 
tic and mathematical models of fertility have failed to 
prove as accurate as mortality models. For the understand- 
ing of fertility phenomenon, demographers with sociological 
interests have suggested theoretical frameworks for the 
analysis of fertility behavior. The well-known frameworks 
are: the institutional approach by Davis and Blake (1956), 
thesinteractional approach by Hill, Stycos, and Back) (1959), 
and the normative approach by Freedman (1961-62). 

Davis and Blake recognize the role of certain 
"intermediate" variables, through which and only through 
Whichecultura metactoOrsmecanmatrectuLerteil icy melt sSeOucr1— 
cult to study the direct impact of cultural factors or 
"conditioning factors" on fertility, but there are others 


which serve as a means of analysing these social and 


cultural factors. These factors are termed "intermediate 
variables" and are further classified as "intercourse vari- 
ables," “conception variables," and "gestation variables." 
In all, there are eleven intermediate variables through 
which social and cultural conditions must operate in order 
to influence fertility positively or negatively. 

Davis' and Blake's model suggests that the effect 
of intermediate variables on the fertility of a society is 
the product of institutional mechanisms of that society. 
They have arranged all the intermediate variables according 
to their expected values in a pre-industrial society into 
four categories, namely, usually high values, high or low 
values, usually low values, and the indeterminate. 

Hill's, Stycos' and Back's (1959) interactional 
approach, though applied only to Puerto Rican society and 
at individual levels, presents a scheme where the influences 
of key reference groups and demographic factors on fertil- 
ity are felt through general value systems, family action 
possibilities and attitudes, knowledge and practice of 
family planning. In their scheme, the informational and 
attitudinal attributes, general value system and specific 
family size preference interact with each other to produce 
family action possibilities. The family action possibili- 
ties further interact with the variables of effective family 


planning so as to produce a certain level of fertility. 
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The normative approach by Freedman (1961-62) is 
an elaboration of the institutional approach with the empha- 
sis on norms about family size in a group or a society. 
Freedman starts with the assumption that social norms in 
a society develop concerning a particular fertility level 
which affects factors such as population growth rate and 
age structure. He explicates that the social norms and 
the norms about each of the intermediate variables together 
produce a fertility level. Mortality, net migration, and 
the values about the intermediate variables are important 
aspects of social organization which support the norms 
about family size by providing social sanctions related to 
the number of children per family unit. Environmental fac- 
tors such as famine, venereal diseases, which affect the 
norms about the family size are taken into account. In his 
presidential address to the annual meeting of the Popula- 
tion Association (1965), Freedman states the conditions 
under which rapid fertility decline could be possible. 
These conditions are: (1) significant social development, 
(2) low mortality, (3) smaller family size preferences, 

(4) dissemination of family planning ideas, and (5) the 
availability of effective contraceptives. 

These frameworks are useful in understanding the 
dimensions of fertility. But they face numerous problems 
of measurement of social phenomenon and therefore are 


limited in their practicality. 
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Stable Population Model 

Another class of models is known as deterministic 
models of population growth. The development of determinis- 
tic models may well be traced back to Dublin and Lotka 
(1925) and Lotka (1939, 1940). Lotka introduced the con- 
cept of stable population as a special case of Malthusian 
PODUMAtLONeEU oNit mel OoLmmD.s l)s. erin wa Malthusiany population, 
mortality and age-structure are constant (U.N., 1968, p. 1). 
In a stable population, fertility and mortality remain con- 
stant and interaction between fertility and mortality 
produces a unique age-distribution over a period of time. 
The unique age-distribution, thus sought, is different, ex- 
cept in extreme cases, from the initial age-distribution 
and is termed the stable age-distribution (Coale, 1956 and 
LI5/-eMChardand, e969 bOourgeol S=Pichat,e197 1). 

The central idea in the stable population theory 
Poethat:) Ma) shespopulation-is closed togmigration; 
(b) age-specific fertility and mortality schedules remain 
constant; and (c) the interaction between constant fertil- 
ity and mortality schedules, over a long period of time, 
produces a stable age-distribution which is independent of 
the initial age-distribution. These characteristics of the 
stable population are also called the ‘intrinsic character- 
Usticsuswhichein lacteansemstheschabacteristicssoLeinitial 
GONG LULONSEObELeLEULT Eye anGsmMOLbas-byas(UaN lo 60) BD.mno):. 


Mathematical proof of the stable population theorem is 


10 


given by Coale (1972) and Lopez (1961). The stable 
population theory deals with both weak and strong ergodic 
properties of a population. A brief description of weak 
and strong ergodic properties of a population is provided 
in the section on ‘Research Problem' of Chapter II. 

One of the major features of stable population 
theory is the determination of the effects of changes in 
mortality and fertility schedules on the age-distribution. 
Before the exploration of the theory, it was thought that 
high mortality produces a young population and low mortality 
produces an old population. 

Coale (1956) is the first to demonstrate that the 
aging process of a population is largely dependent on fer- 
tility and not on mortality, except in extreme cases. 

A high fertility schedule produces a younger population, 
while a low fertility schedule produces an older population. 

The mortality effects on the age-distribution are 
Significant when there are extreme differences in the 
MOGive Uitvenleve lca (UMN L968 mp. &b05)eeekorgexampleymeif the 
fertility schedule is fixed and mortality levels vary, say, 
from life expectancy of 20 years at birth to life expec- 
tancy of 75 years at birth, the resultant age-distributions 
would be dissimilar. Coale (1972, pp. 152-64) has also 
demonstrated the effects of age-specific mortality changes 
on the age-distribution. In his analysis, Coale assumed 


a fixed fertility schedule and a specified monotonic time 
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pattern of mortality change. It is shown that the effects 
of mortality decline on the age-distribution are dependent 
on the age-groups that experience the decline. For example, 
the effects of mortality decline in the age-distribution 
differ when mortality changes occur only to persons under 
age five from those when mortality decline is experienced 
only by older age-groups. The age-selective changes in mor- 
tality pose serious problems when one is estimating 
demographic parameters using the stable population model. 
Demeny (1965) has pointed out some of the biases of the 
estimates of vital rates for the populations that are in the 
process of de-stabilization. The Coale principle still 
holds good in empirical proportions as they occur in 

real life. 

The stable population theory is useful in 
determining the necessary relationships among demographic 
processes under given conditions. The theory is considered 
to be the most powerful tool of analysis yet available in 
demographic literature. One of the criticisms of the 
theory, however, is that the stable population concept is 
highly abstract in nature. It is argued that no population 
has been found to have mortality and fertility schedules 
constant over a long period of time. To rectify the inade- 
quacy of the stable population model, the concepts of 
semi-stable and quasi-stable populations have been developed 


to help demonstrate the practicality of the stable population 
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modeler the reali populations s(UN. 7sl968, p. viii). “These 
concepts are described below. 

The populations where fertility and mortality 
schedules are constant over a shorter period of time and 
the age-structure is either constant or changes very 
slightly are known as semi-stable populations. The major 
distinctions between a stable population and a semi-stable 
population is in terms of the time lag between the initial 
and the final age-distribution. In a stable population the 
time lag between initial and stable age-distribution is 
very long, while in a semi-stable population the time lag 
MomVeryeShiOnu,sOrgusuallyezero. In the light of this dis- 
tinction, most populations of the world may be characterized 
as semi-stable populations (U.N., 1968, pp. vii-ix). 

In a guasi-stable population, fertility remains 
constant and the risks of mortality diminish continuously. 
Since age-structure is largely determined by fertility 
[except for extreme mortality changes (Coale, 1956)], the 
age-structure is presumed to be constant. Most of the 
developing nations of today in which mortality has declined 
in the past and fertility remained constant are classified 
as quasi-stable populations. The importance of the quasi- 
stable population concept lies in the fact that one of the 
assumptions in the stable population theory (that concerning 
mortality) can be relaxed without effects on the age- 


distribution. The extent to which changes do occur are 
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It may be added that both the concepts of 
semi-stable population and quasi-stable population reflect 
the operational power of the stable population theory. 

One indication of this operational power of the stable 
population theory is that it has enabled demographers to 
prepare reliable estimates even when the data are scanty 
(Bedis|OCymeLo (2 COdlermmo05 7 COaLlLe, and HOOVEL, IoC; 
Demeny, 1965; Demeny and Shorter, 1968; Krotki, 1963 and 
P96 VarvmnroOtkis andeinakuree Go) sseROomaniuk, 1967: Romaniuk 


and Piche, 1972; United Nations, 1967). 


CHAPTER II 


RESEARCH PROBLEM, BASIC APPROACH AND DATA 


This chapter consists of three parts. The first 
part deals with the statement of the problem under investiga- 
tion. Part two deals with the basic analytical approach, 


while part three discusses the data used in this study. 


RESEARCH PROBLEM 


As stated in Chapter I, the stable population 
theory deals with two properties of a population, namely, 
strong and weak ergodic properties. A population with 
strong ergodic characteristics tends to drift from its past 
age-distribution over a period of time towards reaching 
a ‘limiting stable form' in its age-distribution (Lopez, 
OG and sh96/ i AGain in Strongvergodicity, .tertility and 
mortality conditions remain unchanged. 

The major area of exploration in the strong 
ergodicity theorem is the analysis of the process of conver- 
gence from an initial population to its stable form. Coale 
(1968) has dealt with this topic using an approach that in- 
volves the method in which sequence of births is defined by 


means of integral equation. 
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With weak ergodic characteristics a population 
Forgets its past age-distribution even if fertility and 
mortality schedules are changing. Hajnal (1958), Lopez 
(1961) and McFarland (1969) have gone into a detailed ana- 
lysis of weak ergodicity. Their analysis shows that when 
Migration does not affect fertility and mortality conditions 
of a society, the non-sustained migration would have only 
a transient effect on age-distribution of a population. 

Some of the arguments of weak ergodicity are 
applicable to strong ergodicity except that the ultimate age- 
distribution for strong ergodicity is compactly specified 
CNCY fa bzremlo OCG Den 9.0) . 

The present attempt aims at analysing the process 
Of stabilization of a given population; that is, how a popu- 
lation with given fertility and mortality schedules attains 
stability. Our focus of analysis would be to identify fer- 
tit seyetfects on? the initial age-distributions.= Such=an 
analysis will help in understanding some of the strong ergo- 
dic properties of the stable population theory. The approach 
used in the present study is based upon the method in which 
population dynamics are defined in terms of the product of 


a sequence of matrices. 
BASIC APPROACHES 


There are two approaches through which the analysis 


of stable population is possible: these approaches are the 
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integral equation approach and the projection matrix approach. 
In the integral equation approach the sequence of births is 
calculated as the sum of real exponential terms and a series 
of relatively diminishing oscillatory terms (Coale, 1972, 
prv64 jy: 

In the integral equation approach the birth and 
death rates vary with age which is treated as a continuous 
variable, while in the projection matrix approach the birth 
and death rates are calculated for discrete age intervals 
(usually five years). The integral equation approach is 
quite complex in treatment and laborious in computations. 

On the other hand, the computational part in the projection 
Matrix approach is less laborious owing to the availability 
and use of electronic computers. However, the projection 
Macryxeapproachers thoughtito reveal, little about the *factors 
that are responsible for a slow or fast convergence of a popu- 
lation to its stable form. This latter aspect is adequately 
handled in the integral equation approach. It has been 
demonstrated that the integral equation approach is useful 
to show ". . . how salient features of the process of conver- 
gence are determined by certain characteristics of the 
fertility and mortality schedules on the one hand, and cer- 
tain properties of the initial age-distribution ion the 

others (Coaleys LOZ pipe 6) et netproyectilonwmatnisetapproach, 


though lacking in the exactness of the integral approach, 


provides) analytical ansights -into the: process that the 
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integral method may fail to reveal. 

As stated earlier, understanding of advanced 
mathematical tools is necessary for the integral equation 
approach. The projection matrix approach has certain 
advantages over the integral one: 

(a) Less mathematical depth is required for the 

analysis, 

(b) The basic quantities that appear in the 
projection matrix approach are more closely 
related to the quantities that are used in 
demographic practice as compared to the quan- 
tities that appear in the integral equation 
approach. 

Keyfitz (1968, pp. 41-73) has highlighted the 
analytical aspects of stable populations by means of projec- 
tion matrix approach. He suggests that with given fertility 
and mortality schedules, the M matrix be raised to a number 
of powers till the stability conditions are satisfied. The 
method of raising the M matrix to a number of powers is use- 
ful in many respects, but it does not disclose all the 
intermediate steps through which a population achieves 
stability. 

The author is not aware of oe to explain all 
or some of the features of the process of stabilization of 
a human population by means of the projection matrix approach. 
The present study is a step in that direction; it analyses 


some aspects of the stable population as well 
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as the process by which a human population converges to its 


stable form using projection matrix approach. 


PROJECTION MATRIX APPROACH 


In a closed population, population dynamics are 
characterized only by fertility and mortality. The mortal- 
ity is applicable to persons of all ages, while fertility 
is applied only to people of the selected ages. Those who 
die are excluded from the population and those born are 
included. There are also age and sex differentials of fer- 
iia tyeand=mortalaty.==n=tie computations of simple 
population projections the fertility schedules are generally 
applied to the female population at risk. Since there are 
mortality differentials by sex, risks of mortality are 
applied to each sex separately (Spiegelman, 1968). 

In population projections where fertility and 
mortality are assumed to be constant, five distributions 
are needed for population projections. The five distributions 
are: 

(a) Initial female age-distribution 

(b) Initial male age-distribution 

(c) Fertility schedule (female dominant) 

(ad) Female mortality schedule 

(e) Male mortality schedule 

The age interval of the distributions can be fixed 


as desired and also the time interval for population 


Be) 


projections. For example, one may use projection matrix 
approach for age-distributions with single year of age inter- 
val and different (other than one year) time interval for 
projections. However, age intervals in mortality and fer- 
tility schedules should be the same. It is convenient to 
set equal time and age intervals in population projections. 
A simple and less laborious example may be population pro- 
jections by five-year age intervals and by five-year time 
intervals. 

In our analysis, five-year time intervals and 
five-year age-groups are used. 

The total number of births during five years of 
population projection is calculated by using a set of linear, 
first order, homogeneous difference equations with constant 


G@emrtcr1enrsebDyaticmco! owang Loxrmula, (Keyritz, 1968, p.) 31): 
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Equation 2.1 can further be simplified as: 


L 
Kftts) = 2 xX Ped (xf? + cf] Fio 
Wet | 


+ [x {® “i K{EF*)] ay Gee 


) ) 
+ [xf + S| Pes} DD 
where KA*) = female population age x at time t 
IB = fertility rates for females age x 
iE = five-year time interval 
sly = factor allowing for the children 
lo 


born during five years to survive 


to the end of the period. 


The equations 2.1 and 2.2 give us the total number 
of births to females aged 10-49 during five years of projec- 
tions. The total number of births thus sought is multiplied 
by male and female proportions at birth to get the total 
number of children by sex. 


The expression Dig gales? 
2 x x 


is used to get an 
estimate of the number of women-years of exposure over the 

period. This expression is multiplied by age-specific fer- 
tility rates to get the number of births for the females of 


each age-group. 
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As the fertility rates used are period rates and 
are fixed while the age-groups are allowed to move upward in 
the age pyramid during the five-year projection interval, 
Keyfitz (1968) suggests that by taking the average of the 
same age-groups at the time (t) and (t+5) reliable estimates 
of births to that age-group may be obtained. 

The total number of male and female births during 
the five-year time interval are multiplied by the sex- 


specific survival ratios to form the sex-specific 0-4 age- 


groups at (t+5). The survival ratio used in the projections 
L 
0 

is =e The population of age-groups other than 0-4 at time 


0 
t+5 is projected by the formula: 


ie x (t) . x (tts ) Oras 
X—5 x 


As the age-group 0-4 for each sex is established, 


the entire set may compactly be written as: 


L fa paleo), 


where {kK his vertical vector of sex-specific age-distri- 
bution at time t and L is the matrix of the coefficients 

Of x ‘t) (Keytitzl9 OS, mp3 pe hOnecachesex chem lslaLiai x 
and the vertical vectors can be written in the following 


form. 
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The first row of L matrix has already been shown in equation 
Zee ee Lhe multiplication Of vertical vector and the L matrix 
projects the population by age from time (t) to (t+5) years 
for age-groups 5-9 to the last age-group. Age-group 0-4 is 
sought by the first row of L matrix or equation 2.2. 

We have exactly followed Keyfitz's projection 
matrix approach in that we have raised the L matrix to the 
desired number of powers. 

Since we are interested in understanding the 
process of convergence of a population to its stable form 
and not in mathematical properties of the matrices, we do 
not suggest to condense the matrices. By definition, a popu- 
lation is stable when the dominant root or the eigenvalue 
On) Or the two matrices, sthateais, Kee Vag is exactly 
the same for all age-groups up to three decimal places. 


Use of 4; as a criterion for population stability has been 
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suggested and used by Keyfitz (1968, pp. 40-47). The 
computer program of population projections, which also com- 
putes other measures related to the age-distribution, is 


presented at the end of this chapter. 
DATA 


For an in-depth analysis of the stabilization 
process of human populations, one should select a variety 
Orererti lity sand rterea See schedules and initial age- 
distributions. Such a wide range of selection facilitates 
the possibility of making relatively more generalized state- 
ments. For example, one can select initial age-distributions 
that are distorted and undistorted, very young to very old; 
fertility schedules ranging from below replacement level 
fertility to the highest level of fertility yet experienced 
by human populations; and mortality schedules ranging from 
average life expectancy at birth of 20 years to 75 years. 
Themintecaction pecweenstertility, mortality, and initial 
age-distribution during the process of stabilization, using 
the simulation technique and the projection matrix approach, 
will enable the researcher to specify the relationships be- 
tween the demographic parameters. This type of analysis has 
three major drawbacks: (1) the number of combinations of 
fertilley euoOGtalUty »~eabomint to beage-distriputLions wil «be 
too large to analyse; (2) the number of simulations will 


involve very high cost, labour and time; and (3) some of the 
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combinations of the schedules and initial age-distributions 
may be far from reality. 

Other possible options for analysis range from 
SclCceceLonmOte de DaiticulatecombinationsoLmrertl lity: and 
mortality schedules and an initial age-distribution to 
a fixed number of such combinations; a variety of fertility 
schedules with fixed mortality and an initial age- 
distribution; a variety of mortality schedules with fixed 
fertility and an initial age-distribution; and a variety of 
initial age-distributions with fixed fertility and mortality 
schedules. Each of these options have advantages and dis- 
advantages over the others. Mostly it depends upon the 
researcher and the research problem as to the choice of 
options. For example, if one is to study the effects of 
mortality on the stabilization process of a population, one 
may select a variety of mortality schedules, one fertility 
schedule, and one initial age-distribution. 

Since we are interested in evaluating the effects of 
fertility on the stabilization process of a population, we 
have made use of only one initial age-distribution and only 
one life table for each sex in the analysis. A variety of 
narrowly changing schedules of fertility are selected to 
examine the effects on the stabilization process and the 
PinaledistobutLLOns mano MEL ompUurpOSe,mthemU .oeA.em. 9058 DOPU— 
lation by sex is treated as the initial population. Note 


theapethemUsco- Al 9o3mpOpULation=aistribution is distorted by 
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migration and recent declines in fertility. However, these 
distortions are not "catastrophic" to classify our selected 
initial age-distribution as unique in human populations 
(LeBras, 1969). The initial population and the corresponding 
life table values (L's) are taken from Keyfitz and Flieger 
GEI685 ep elO0) se iheminitval= population and the life table 
values are given in Table 2.1 

Nine fertility schedules for the U.S.A. have been 
examined. Yearly age-specific fertility rates for the U.S.A. 
from 1960 to 1968 (U.S., DHEW, 1970) are presented in 
Table 2.2. In the analysis and discussion sections of sub- 
sequent chapters, each fertility schedule is named after 
the year for which age-specific rates constitute the respec- 
tive schedule. For example, the 1960 fertility schedule 
means that the age-specific fertility rates of the U.S.A. in 
1960 are applied. One of the limitations of the nine 
Sereetecomrentn 1 tyeSchedUlesmcol sLhesU.o.A a, el700—-1963, 1S 
that there is a narrow range of monotonic decrease in fer- 
idleness aeGIc@ ime lhO.O0 dein tle. G. oe SELL SCits. S10 CON Change Smal arinde 
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CHAPTER FLL 
STABILIZATION PROCESS OF HUMAN POPULATIONS 


In this chapter the stabilization process of 
a population is analysed. The chapter is divided into 
three sections. The first section gives general back- 
ground of the process of stabilization. In the second 
section, a new method of looking at the stabilization 
process is proposed and mathematical proof, in terms of 
necessanyeandsistuericicnteconditionsaot: stability, is pro- 
vided to justify the suggested approach. The third sec- 
tion deals with the analytical part of the stabilization 


process using the suggested approach. 
GENERAL BACKGROUND OF THE PROCESS OF STABILIZATION 


In the stable population theory fertility and 
mortality schedules are presumed to be constant, with fixed 
age structure. The birth rate (b) and the death rate (d) 


are calculated as 


Ww 
b =s (7CCa)em(a)eda 
fe) 


Ww 
Ceri Cala area) ede 
fe) 


where C(a) is the proportion of females age a to atda, 
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oh 


m(a) is the annual rate of bearing female children and 
u(a) is the age specific mortality rate (Coale, 1956). 
There are two types of births involved in popula- 
tion projections or in the process of stabilization of 
a population. One type of births is to those females who 
are from the initial population and remain in the repro- 
ductive age during the projections and the other is those 
female births which are from the females born themselves 
in the projection period (Coale, 1972, p. 63). Then 
B 
B(t) = F(t) + f B(t-a) p(a) m(a) da 
fe) 
where F(t) are births to the females of initial popula- 
ELON bit) Els toraltinumberqotebinthstatetimestjep(a) is 
proportion surviving from birth to age a, m(a) is the 
annual rate of bearing female children at age a. When 
the females of initial population pass the reproductive 


age, then F(t) 


0 and the equation becomes: 
B 

Bitjs=— Je Biic—a)) pila) em(a)jeda 
O 


(t > 6 wheres peissthesoldesteagesofsnonzzero 


Berti lieyoi. 


It is demonstrated that the birth sequence is the 


sum of an infinite number of exponentials and that the 
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Beale (nOn [Oscillatory )mcooteis larger thansthe real»part,of 
any complex (oscillatory) root. Thus the oscillatory terms 
become negligible relative to the non-oscillatory term 
(Goate rel 912 mba 64) 

Although much work has been done on the stable 
population theory, yet least attention has been paid to the 
question of how a given population converges to its stable 
form (Bourgeois-Pichat, 1971; U.N., 1968; and Coale and 
Demeny, 1966). The well-known work on this topic is that 
of Coale (1968 and 1972). The convergence of a population 
toward stability has been given extensive treatment by 
Coale under four different modes of inquiry: 

(1) How the sequence of births implies 

convergence; 

(2) How specific characteristics of fertility 
and mortality regulate the components of 
exponential function; 

(3) How the initial age-distribution interacts 
with the fertility schedules to determine 
the coefficients of exponential term; and 

(4) How the approach to stability can be 
visualized. 

Our major concern is with the last topic covered by Coale; 
thatwis pehowethesapproachetoescabilityels visualized, 
Our analysis is limited to the extent that (a) we do not 


provide mathematical relationships between different 
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characteristics of age-distributions. Instead, we present 
a description of the manners in which a population con- 
Werges LOwards 1ts stablestorm; and (b)"only=one mortality 
schedule and one initial age-distribution are used with 


various fertility schedules. 
METHOD OF VISUALIZING STABILIZATION PROCESS 


In this section, a minor new approach, that of 
the use of slope, which could be useful as an alternative 
in visualizing the stabilization process is presented. 

It is well-documented in the literature that 
a higher fertility schedule would eventually produce 
a younger population and a lower fertility schedule an older 
one. In other words, for every fertility schedule there is 
a unique finite age-distribution which is independent of 
the initial age-distribution. 

There are different ways of characterizing an age- 
distribution. The raw distribution of the proportions at 
each age is often used in the analysis of the age- 
distributions. In a closed population, the cohort of persons 
moves into successive age groups over a period of time. 

The magnitude (size) of the proportions is determined by 
fertility and mortality schedules. One of the ways to look 
at the changes in the size of proportions of an age- 
distribution is to calculate the difference between the 


proportion of two successive age-groups. This difference is 


= Hat SO. 


wo2ue o8at 
- - 7 bi 
» abuse inmost 
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termed the slope. Since the slopes are a simple and direct 
consequence of the age-distribution, the notion of slopes 
may be taken as another way of characterizing a distribution. 

TEs Seimportantsto note that every) distribution, no 
matter what its nature, has some kind of slope(s). If we 
know the slope(s) of the distribution and at least one 
element of the age-distribution, the whole distribution can 
be reconstructed. However, the average slope must be 
recognized as the difference between the proportions of the 
first and the last age groups divided by the number of age 
groups minus one. In particular, for a discrete age- 
distribution, average slope is Wa WES g where P. is 
the proportion in the ith age interval and y is the number 
of discrete age intervals. If we know the (y-1) slopes 
(henceforth called slope distribution) and the proportion 
of any one age-group to the total age-distribution, the 
entire age-distribution can be reconstructed. Thus, it is 
realistic to say that for every fertility schedule there is 
a finite age-distribution and every finite age-distribution 
has a slope distribution of its own. 

NECESSARY AND SUFFICIENT CONDITION FOR STABILITY 
USING SLOPE NOTION 

The existing literature suggests that when an 

age-distribution does not change or remains constant over 


a period of time the age-distribution is stable. 
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Keyfitz (1968, pp. 40-47) demonstrated that the dominant 
root of the M matrix (or the eigenvalue)A,, when constant 
for all age-groups, may be taken as a condition of stabil- 
ity. The constant value of \; meets the requirements of 
sufficiency and necessity for population stability as it 
involves not only the age-structure but also the growth 
potential (r = log Aj). 

Besides A,, we suggest that the notion of slope(s), 
as defined earlier in this chapter, can be used as a useful 
PiGuwcalOmOusS cai tty mei lkeouwN, 1b can be mathematically. 
demonstrated that the notion of slope(s) meets the require- 
ments of necessary and sufficient conditions of stability. 

The concepts such as age-distribution, slope 
distribution, stability and the difference between the 
slope distributions are used as discrete variables to 
develop the slope notion in deducing the necessary and 
SuUftiecvent= conditvons Otepopulation Stability. These 
concepts are defined as: 

Definition 1. Age-Distribution: The age 
distribution at time t is 
{Per OS Py Steet de ea 2 yy eee 57 

| 
where pe is the proportion of persons in the age-group x at 
time t and y is the number of age groups in an age- 


dvseribucion. 
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Definition 2.) olope, Distribution: ©The slope 


distribution of an age-distribution Ba at time t is 
te G ie 
{at = {pf = pee v6 (ee hg A ees biectnns tee Pear ad ye y-1} 


Demi tolls mm OOlla tl Onmo tall lity. = As pOpuLation 
with the age-distribution given by definition 1 is said to 
have reached stability if there is a positive integer N 


Sichimehatw Lor sallene< aN, a [pen - pen-? | = Oe 
x= 1 


Definition 4. Difference between the Slope 
Distributions at Times ti and t2. The difference between 


the slope distributions at times t,; and t» is defined to be 


yal 
De qt x qt2 
x= ] x x 


Theorem: A population has reached stability if and only 
if there is a positive integer N such that for 
all n > N the difference in the slope 


distutbublonssateuLnes t, and ee 1s zero. 
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proote ss Let {pf} be the age distribution of the population 
she (Miu) ey IMepe Gees: VeeUEsi) ope ve [Ge co thee ee a ee 
Nie ee tee OmecClhieDOpULations projvectzons we get an 
age-distribution as a result of the interaction be- 
tween fertility and mortality schedules. The 
age-distributions may be presented in the following 


tabular comm. 


Projection Time 


Age Group to ey to ty th 
es 
ee ae 
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oe a aoe oe 
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TOTAL 1s za) Oa = — Oe ies 


Byedetinitionss muteamDpopUlataonsd ist mi buttons 
stable theres aepOSsitlvemintegqer Nescuchethatsron all 


a, INA 


WU omnOrme a Chasm Xi wet mec 7e os. f «ey )yerand tor all n > N 
tah ee ee _ ee aie Ae 
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and hence for all n > N 
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On the other hand, if there is a positive integer N 


SuChmenacerOreal lene oN 


y-1 
eee aS aes = fy 
isos x ae 
ea 
Shengtorcecachmicea (Xs —ael ee elo Grete!) ots 7 aby.) 
dene atn-; | = 0 or dtn = a'n-1 
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which, by definition 2 is equivalent to 
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On 
oy oe eee 
P,0 Pe ~ PyB, TPxBT! 
Thus 
pin = pin-1 3 pen = pin-1= cg tie pyn = pono} = k,esave 
Thus 
y el et roe mn 
{pkn pin | ky. 
xl 
But by detinition’ I: 
Mf y 
y pin = D ptn-1 = 1, so ky = 0 or 
og x 
x=] x=] 
k = 0. 
Thus pen - pen-y A ere Hae eee Ge UA, 
SOmenac 
Y t t i SF ; 
E IP, om iseeee | =sO pr moandetnesdistributionmss 
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ANALYSIS AND DISCUSSION 


Figure 3.1 shows how during the process of 
stabilization the crude birth rate for females for each of 
the fertility schedules behaves. It is clear from 
Figure 3.1 that there are significant changes in the crude 
birth rate for females during the early period of the process 
of stabilization for each fertility schedule. After about 
70 to 80 years of projection, the birth rate for each fer- 
tility schedule remains approximately, if not completely, 
constant. It is not surprising that the changes in the 
female birth rate during the first few decades of popula- 
tion projection show more or less the same trend for all 
fertility schedules, given that all of them come from 
a narrow choice of alternatives. 

We know that the different fertility schedules 
would produce different stable age-distributions even 
though the mortality schedule and the initial age- 
distribution remain the same for all fertility schedules. 
During the examination of Figure 3.1, one must ask why 
there are irregularities or oscillations in the female 
birth rate during the early part of the population projec- 
tions, what causes the oscillations to be significant or 
insignificant, and why these oscillations disappear with 


the passage of time during the process of stabilization 


7 
ae ae | +9 r 
~~ Lo iizoe 


YEARS OF PROJECTION 


FIGURE 3.1 43 
Crude Birth Rate for Females during the Process of 
Convergence to Stable Form for U.S.A. Fertility Schedules 
L960-L963 by ‘Years of Projection 
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of a population? 

The questions raised above may be answered in the 
light of slopes or difference between the successive age- 
groups of a proportionate age-distribution. The slopes 
between the successive age-groups of an age-distribution 
LOrmmOistribumionsom therm own. Tables S21, 3.2, and 3-3 
are constructed to show the arithmetic mean and the variance 
of the slope distributions for different points of time in 
population projections by fertility schedules. The arith- 
metic mean of the slope distribution is calculated as the 
sum of the slopes in an age-distribution divided by (y-1) 
age-groups. Variance is the measure of dispersion and is 
equal to the square of the standard deviation of the slope 
distribution. The variance of the slope distribution is 
the distribution around the mean slope. The slope is the 
difference between the proportions of successive age-groups 
in an age-distribution. The age-distribution has fixed 
fertility and mortality schedules throughout the period of 
population projections and/or during the process of stabili- 
ZaclOn ee beablese sal mo. 2 mand so oe CeMmOonstratcesthatmron 
quite some time in the projections the mean of the slope 
distribution does not show any consistent pattern. In the 
early part of the projections, the mean of the slope distri- 
bution goes on increasing and then declines, again increases 


and declines, and so on. On the other hand, variance 
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decreases monotonically for almost the first 75 years of 

the projections. After this period, both the mean and 
variance of the slope distributions fluctuate in their 
respective values and continue to do so until they stabilize 
along with the age-distributions. Note that the convergence 
of variance to stability shows higher velocity in the first 
Six or seven decades of projections than the convergence of 
VoalerancestOWards Stability aqrter the first six or seven 
decades. —ine fluctuations in the values of mean and vari- 
encesatter, /5 years OLeprojections are not, however, as 
Significant as the fluctuations in the values of mean during 


the early period of projections. 


A thorough examination of each computer output 
of projections reveals that at the beginning of the projec- 
tion period some of the slopes are negative. As the time 
of projections is prolonged, the negative signs of the 
slopes disappear. Obviously, the negative slopes which 
disappear during the process of stabilization of a popu- 
lation are inherited from the initial age-distribution 
(U.S.A. 1963 distribution) because of the selectivity of 
migration by age which sets a hump during an early part 
OLeproyections. (Key ficzeandeal tegen, ll 6O7m Deore Otner 
reasons for negative slopes may be age-misreporting and 


age-heaping, age-selective over- or under-enumeration, etc.. 
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However, if some slopes remain negative throughout the 
process of stabilization, the fertility must be below the 
replacement level. 

Onegmavyearguemenat, souring stheustan | zation 
process of a population, the immediate effects of inter- 
action between the vital processes are to get rid of the 
disproportions in the age-groups of the initial population. 
In the early period of population projections, the dispro- 
portionate age-groups move along as the successive 
age-groups. A closed population achieves a smooth distri- 
bution only when the persons in the disproportionate 
age-group(s) die out in the course of projections. We have 
observed that in all fertility schedules it takes almost 
85 years for the U.S.A. 1963 age-distribution to achieve 
smoothness in the age distribution. In fact, all negative 
signs for the slopes, if any, disappear in relatively 
higher fertility schedules (1960, 1961, 1962, and 1963) 
aLeenesOmyeasseOL sprojections; ingmedium tertility sched= 
ules (1964 and 1965) after almost 50 years; and in low 
fertilitvyescheauless(1966;..1967 and. 19600) .atcersabout 
VOmvVecrcs ae Lte ils alsosnocreduthat SOOnmaL CCimelomca sapped i= 
ance of negative signs in the slopes smoothness in the 
distvibutione! sallotepossi b> le;esInCestnceS OpeCarOrm CoCarTec= 
spective age-groups is close to zero and it takes another 
10 to 15 years to achieve slopes of reasonable size. The 


effects stemming from the initial age-distribution, in this 
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context, disappear in 85 years, which, incidentally, is 
the upper limit of the maximum age of the persons in the 
PiviertalepDOpULatdons 

To elaborate the above point, we have selected 
three fertility schedules of 1960, 1965, and 1968 as high, 
medium, and low fertility schedules, respectively, to pre- 
Senitecheustabilizattoneprocess in.a graphic. form. Where 
acemthnree selectedmslope distributions: for each of the 
selected fertility schedules. Slopes for age 85+ must be 
ignored as the interval for this age-group is open and is 
not consistent with that of other age-groups. For each of 
the selected fertility schedules, three points of time 
during the stabilization process are selected to demon- 
strate the process. These points are: (a) slope 
distributions after 50 years of projection, (b) slope dis- 
tributions altem 85 years of progection, and (c) slope 
distribution of the stable population. We have also pre- 
Senteduthemslope distribution of the initial population, in 
PIguLes) 5.2, 3, anoles. 4 to Nnignilronte tite cirange’s *imetitS 
initial age-distribution during the process of 
Stabilization. 

Lewis evidentwtrom Figures 5.2, 3.3, and) 3.4. that 
after 50 years of population projections the slope distri- 
butions have larger oscillations than those after 85 years 
of projections, while the slope distributions of the stable 


population show only such oscillations as permitted by the 
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definwe1onsor estaba lity elt is walso, clear that -she«slope 
distribution for the high fertility schedule has smaller 
oscillations that that of the medium and low fertility 
schedules after 50 years of projections. Similarly, the 
slope distribution of the medium fertility has smaller os- 
cillations than oscillations in the low fertility slope 
distribution (see Figures 3.2 and 3.3). After 85 years of 
projections, the slope distribution of the high fertility 
Sscnedule (1960) i1seclosesto that of the, stable distribution 
(Figure 3.2). As fertility declines from 1960 to 1968 
monotonically, the slope distributions after 85 years of 
projections for the 1965 and 1968 fertility schedules are 
distinctly different from the respective stable slope distri- 
tie OIVGnm eth Olive CULCSes tear wri pa ANG S . 4,5. One Mays conclude 
that high fertility schedules produce smaller oscillations 
than low fertility schedules during the early part of the 
stabilization process. The examination of the computer pro- 
gram suggests that the negative slopes vanish more quickly 
with a high fertility schedule than with a low one. 

So far, we have seen that the high fertility 
schedules diminish the negative signs in the slopes earlier 
than the low fertility schedules. To show how fertility 
schedules cause changes in the age-structure over a period 
Gta time ss Tablesm3cll moe 2e anGe 3. Ge pLovildesssomemgquidelines. 
From Tables 8.1, 3.2, and 3.3, one’ can safely, state that 


a high fertility schedule would produce slopes of larger 


58 


size than the low fertility schedule. The size of the 
Slopes is reflected in the size of the arithmetic mean of 
a Slope distribution. 

It is observed that when higher fertility schedules 
produce large slopes in the distributions the variance of 
the slope distributions do not show a linear relationship 
with the fertility levels. In the early years of projection, 
the lower the fertility level, the higher the variance of 
the slope distribution. This is because the low fertility 
schedules cannot effectively smooth the distribution. By 
the time the stabilization process is complete, the rela- 
tionship between the fertility level and the variance has 
no consistent pattern. For example, fertility declines 
from 1960 to 1968 monotonically and so does the mean of the 
slope distribution, but the variance of the slope distri- 
bution declines from 1960 to 1965 and increases from 1966 
EOw L968 

We know that the initial age-distribution does not 
have any effect on the stable age-distribution and also 
that there is only one mortality schedule used for all fer- 
tility schedules. Therefore, the variance of the slope 
distribution,. in our analysis, is affected by the fertility 
factor only. The inconsistent pattern in the variance of 
the slope distributions atthe time of istability =is*due sto 
the changes in the age of the stable distributions. The 


aging process of a population is extensively treated 
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in Chapter IV. However, it may be stated here that with 

the fertility schedules 1960 to 1965, the corresponding 
stable age distributions change from "young" age to "mod- 
erate" age. The variance of the slope distribution decreases 
for 1960 to 1965 because of the shift in the proportions 
toward the middle age groups. On the other hand, from 1965 
to 1968, the fertility schedules change the distributions 
Econmesmoderate, |) to) older sages that is, there is a shift in 
the proportions from middle to older age groups. Since the 
Variance is calculated around the mean, the shift in the 
proportions in either direction of the middle age groups 
results in large variance. It may further be elaborated 

by assuming 1965 distribution as the "moderate" one and by 
looking at the variance from 1960 to 1965 and from 1965 to 
1968. The age of the stable populations is discussed in 
detail in the discussion of the "index of dissimilarity" 


toechapter lV. 
STAGES OF THE STABILIZATION PROCESS 


So far, we have highlighted some of the analytical 
aspects of the age-distributions and/or slope distributions 
during the process of stabilization. The data analysis and 
the related discussion in the preceding section deals with 
the effects of narrowly changing fertility. Such an analysis 
(by means of projection matrix approach) provides an oppor- 
tunity to learn a great deal about the various stages of 


the stabilization process. 
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In our exercise, the stabilization process may be 
broadly studied in its initial, intermediate, and final 
stages. 

Initial Stage: First of all, one has to consider 
in the initial population the component beyond age g and 
the segment under age 8, where 8 is the highest age of 
childbearing. The population beyond the age of reproduc- 
tion has no effect on the birth sequence, and if there are 
differences between the older population and the stable, 
these differences must disappear as the older population 
dies out in a maximum of w-8 years, where w is the highest 
age attained. 

EnCeecrLecrmOmechempopubatlone under, ages 611s) to 
determine, in conjunction with the net fertility function, 
the time sequence of births from the given moment on. At 
SheestapesOL Chea processnotestabilization, the birthGrate 
and the mean of the slope distribution fluctuate consider- 
ably. These fluctuations are mainly due to the 
characteristics of the initial age-distribution. The bumps 
and hollows around the long-run exponential birth sequence 
are Significant and some of the slopes are negative. At 
this stage, the variations due to fertility are not easily 
detectable. 

Intermediate Stage: As the persons from the initial 
population die out, that is, after the number of years of 


projection exceed the highest age attained (in our exercise, 
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85 years), the fluctuations in the mean of the slope 
distribution, birth rate, and other related measures be- 
come less and less significant. The Pecasiewe dhs of the 
slopes disappear. At this stage, effects of fertility are 
visible; that is, high fertility schedules tend to produce 
low oscillations while low fertility schedules tend to 
produce high oscillations. The mean of the slope distri- 
bution fluctuates but at low rate and all the slopes have 
positive signs. 

Final Stage: In the final stage of the process of 
stabilization, the effects of the initial age-distribution 
are completely eliminated. The oscillations start disappear- 
ing, depending upon the level of fertility. With high 
fertility schedules, the oscillations disappear more rapidly 
that with low fertility schedules. The mean of the slope 
distribution is almost the same as that of the stable 
Oreeripution. Other measures, such as birth rate, Me and 
the slope variance stabilize. As the distribution achieves 
stability, meaningful relationships between different 


parameters are established. 
CONCLUSION 


The purpose of the present chapter is to 
illustrate the effects of various narrowly changing fer- 
tility schedules on one initial age-distribution when 


mortality is fixed. The process of stabilization is viewed 
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in the light of the changes in the Slopes between the two 
successive age-groups of an age-distribution. A high fer- 
tility schedule with our given initial age-distribution and 
mortality level overcomes the oscillations more quickly 
than the low fertility schedule. There is a positive rela- 
tionship between the mean of the slope and the level of 
fertility. The variance of the slope distribution is found 


to be an indicator of the aging of the distribution. 


CHAPTER LV. 


FERTILITY AND THE AGING PROCESS OF HUMAN POPULATIONS 


In the preceding chapter, we have discussed the 
effects of relativelv narrow changes in fertilitv on the 
age-distribution of our selective vopulation durina the 
process of stabilization by means of the notion of slopes 
between sthe age-qroups. This chapter consists of two parts: 
LhewelustepartsdealS with the differences in the nine fer- 
tility schedules to be used in our illustration. and the 
second explores the differences between the one initial and 
the nine stable agqe-distributions. The mortality level is 
constant for all nine fertility schedules (U.S.A., 1960- 
1968). In other words, with exactlv the same initial 
age-distribution and the mortality schedule, the impact of 
different fertility schedules on the form of the respective 


stable age-distributions is analysed. 


METHODOLOGY 


Both simple and complex methods of comparing two 
or more distributions have been developed by social scien- 
tists. In demographic literature, standardization techniques 
by direct and indirect methods are commonly employed in com- 
Pagingmthesrates Otmevilalsecventcm(Jattle, 951) pp. 43=52).. 


When two or more populations are compared, the simplest 
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method is to compute the proportionate distribution of each 
population. After the proportionate distributions for all 
populations are computed. the percentage point differences 
for each category in the distributions are calculated. The 
percentage point differences show how much one distribution 
differs from the other. For each category in the age- 
distribution (for example, an aqe-qroup is a category) the 
percentage point difference indicates the relative size of 
one distribution over the other with respect to that 
SaAacegory. 

The percentage point difference approach has 
a serious drawback. Whereas it does indicate the differ- 
ences in the size of a category or categories, it does not 
Show the relative change. If the percentage points for 
a category are large, the percentage point difference may 
also be large in size, signifying a major change. On the 
Other hand, the difference between two small-sized per- 
centages is more likely to be small in size which gives the 
impression of little change. In such situations the mere 
sizes of the percentage points for the categories in the 
distributions mav enlarge or undermine the change (Bogue, 
1969. pp. 117-121). To overcome this shortcoming, refine- 
ment can be made in the percentage point difference method 
by computing the ‘index of relative composition' (Bogue, 
b969- sand =omith. 91960) == lhe =loq7e¢= behind constructing the 
index of relative composition is that the absolute size of 


the percentage point differences is related to the 
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percentages from which they have been derived. To make 
compositional differences more meaningful, proportions of 
the percentage point difference to the respective base 
percentage are computed by the formula: 


PrOpOLL IONE LOLexeIn ais— 
tribution A - proportion 


Index of relative POE ee Qos r bu LL One base xeLOO 
composition for ae CODOLETONMLOT xin 
category X distribution A 


Based on the proportionate distributions, 
percentage point differences and the index of relative 
composition. other simple indices are constructed. These 
indices are used to measure 'unevenness,' 'concentration,' 
or the 'dissimilarities' between two or more distributions. 
The most commonly used index derived from proportionate dis- 
Pia oul OMuSeLomKiOWneasmm:ndex OLMpOpulationeconcentration' 
(Huncanewellov))-6Os = Cheangescatio Porseandex,otadissimitarity ' 
(GA¥) - 

The index of dissimilarity has been used bv 
a number of social scientists (Bogue, 1969; Keyfitz, 1968, 
andeMason 70969) 2.0 Key iatza (96855 pr AM, uses the index of 
dissimilaritv to show how different an initial distribution 
of a population is from the stable distribution. The index 
of dissimilarity is calculated bv takina two percentage 
distri butrons, #subtractingeonemorste ri butionetsoms thesother 
to get a distribution of percentage point differences. 


These percentage point differences have positive (+) and (-) 
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negative signs. The sum of + signs always equals the 

sum of - sians. The sum of the categories of alike signs 
is called the index of dissimilarity. One can also take 
the total of all vercentage point differences irrespective 
of the sians and divide Reetorn | by 2 to get the index 


of dissimilarity. Arithmetically: 


where A and B are two proportionate distributions and 
X is a category. 

It is clear from the formula that the index of 
dissimilarity shows the total chanae from one distribution 
to the other. It does not svecify the pattern by which 
the two distributions differ. In other words, A does not 
give a clue to the compositional difference. In our analy- 
sis, we have made use of both the distribution of percentage 


point differences and the index of dissimilarity. 
CHANGES -EN THE U<sS-A. FERTILITY 1960-1968 


From Table 2.1 (Chapter II) we know that the 
fertility of the U.S.A. declined each vear from 1960 to 
1968. Table 4.1 shows the percentage distribution of age- 
specific fertility rates for each year. Table 4.1 is 
constructed by converting the age-specific fertility rates 
into the percentage of total fertility so that each fertil- 


ity schedule adds up to 100.0. 
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Table 4.2 shows the percentage point differences 
between the 1960 fertility schedule and each of the eiaht 
1961 to 1968 fertility schedules. In other words, Table 4.2 
Shows how the age-specific fertility pattern of U.S.A. fe- 
males between 1961 and 1968 differed from the 1960 pattern. 
Based on Table 4.2, Table 4.3 is constructed to show the 
index of relative composition of age-specific fertility 
rates from 1961 to 1968 taking the 1960 fertility schedule 
aceche base. "in fact, Tables 4.2) and’4.3 demonstrate, re- 
spectively, the absolute and relative changes in the 
fertility schedules of 1961 to 1968 in comparison with the 
1960 fertility schedule. The negative sians in Tables 4.2 
and 4.3 indicate for the respective aae-aroups proportionate 
increases from the 1960 fertility schedule and plus signs 
indicate decreases, 

From Tables 4.2 and 4.3, one can see the 
compositional changes in the fertility schedules of 1961 to 
1968 from that of 1960. The percentage contribution of age- 
group 10-14 increased for 1961 to 1968 as compared to the 
contribution of age-qroup 10-14 in 1960. Since these per- 
centage points are very small in size, the magnitude of the 
absolute change demonstrated by Table 4.2 is small (or less 
than noticeable). The percentage contribution of age-qroup 
b5—lIe declined. MOnOLoOnica wy LOT sU96 ls 1962771963 and L964". 
In 1965. the contribution by age-group 15-19 toward the 
tOotaletertil Vtvececiineduonivy simghtiverrom that o£f41960, 


and reversed the trend for 1966, 1967, and 1968, when the 
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contributions by age-group 15-19 increased relative to that 
of the 1960 schedule. 

The percentage contribution of age-group 20-24 
toward the total fertility is lower every year in the 1961- 
1968 period than in 1960 (see Table 4.2). The minimum 
decline for this age-group is for 1962 while the maximum 
decline is for 1965. With these two exceptions, the de- 
crease in the contribution of age-group 20-24 is monotonic 
over the aectiekte Age-group 25-29 shows an altogether oppo- 
Site trend to that of age-group 20-24. However, in spite 
of the decline in the overall contributions from 1961 to 
1968, age-group 20-24 remains the modal age-group in all 
schedules. From 1961 to 1968, the age-group 20-24 always 
made sgreater contributions ‘toward ‘the total fertility than 
the contributions of the age-group 25-29. The contribution 
of the age-group 25-29 toward the total fertility increases 
monoconically from 1961eto 1964; for 1965 and 1966 the incre— 
ment in the contribution decreases; and for 1967-1968, the 
contributions show an upward trend. 

For the age-group 30-34 there is a monotonic 
increase in the percentage point contributions toward the 
Cotalstertilitys torethesycarce 96 lethroughne 965 eine lI66 
the trend in the percentage point contributions is reversed 
and for the last two years the contribution decreased 
relative to that of 1960. For age-group 35-39 the percentage 


contribution was lower in the years 1961, 1962, 1967 and 1968. 
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For the years 1963, 1964, 1965, and 1966 age-group 35-39 
contributed proportionately more toward total fertility 
than in other years. The age-group 40-44 shows increase 
in the percentage point contributions for 1961 to 1966 
but there was a decline in the contribution toward total 
fertility in 1967 and 1968. Age-group 45-49 shared the 
trend of age-group 40-44; that is, the percentage contri- 
bution of age-group 45-49 increased for 1961 to 1967 
relatively to 1960, but there was a decrease in the 
contribution by this age-group in 1968. 

So far we have discussed changes in the 
age=specific fertility pattern of U.S.A. females from 
1960 through 1968 (Table 4.2). What needs to be considered 
now are changes in the relative contributions made by each 
age-group. Because the contribution of age-group 10-14 
toward total fertility is very small, the age-group could 
experience extreme variations between 1961 and 1968 with- 
out much impact on total fertility. The index of relative 
composition for age-group 10-14 varies from a minimum of 
5.5 per cent to 84.40 per cent. Although the relative 
contribution by age-group 10-14 almost doubled from 1960 
to 1968, it remained quite insignificant. The other age- 
groups which experienced significant changes are 15-19 


and 45-49. 
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THe Percentademartstrioutions (Tablere4ei moc 
fertility rates from 1960 through 1968 show that up to 90 
per cent fertility in any year occurs to four age-groups: 
15-19, 20-24, 25-29, and 30-34. Out of these four age- 
groups, age-groups 20-24 and 25-29 contribute most to the 
total fertility. Although the index of relative composi- 
tion is the highest for age-group 10-14, the indices of dis- 
Similarity for the years 1961 to 1968 are highly dominated 
by the age-groups 20-24 and 25-29. However, age-groups 
20-24 and 25-29 behave in opposite directions. Percentage 
contribution by age-group 20-24 toward the total fertility 
decreased all the way from 1960 to 1968, while percentage 
contributions by the age-group 25-29 increased during the 
Pertoad 1960 to 1968. Lt may be concluded that the fertility 
decline from 1960 to 1968 was age-selective dominated by the 
decline in the contribution of the age-group 20-24 toward 
the total fertility during the period; though such a decline 
is compensated for by smaller increases in contributions of 
numerically less important age-groups. Such a shift in the 
percentage contributions flattened the fertility distributions 
Orr. 6:19 toro 667. 

The index of dissimilarity in Table 4.2 shows the 
overall changes in the fertility schedules of 1961 to 1968 
from the fertility schedule of 1960. For example, the 
changes from 1960 fertility pattern are different for 1966 
from those of 1968. In 1966, the proportionate contributions 


of age-specific fertility rates toward the respective total 
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fertility increased for all age-groups but the 20-24. In 
1968, the percentage contribution toward total fertility in- 
creased only for age-groups 10-14, 15-19, and 25-29. The 
rest of the reproductive age-groups show decline in their 
Percentage contri butions we insOther swords, =the increase in 
percentage contributions by three age-groups is compensated 
for by the five age-groups in 1968, while in 1966 the decline 
in one age-group (20-24) is compensated for by the increase 
in the rest of the seven age-groups. 

ATER Oug heaecCMinemsinnU.. oe fertility) trom 1960 to 
1968 is mainly due to the fertility performance of age- 
group 20-24, age-group 20-24 remains the modal age-group. 
Changes in the fertility behaviour for the U.S. of other 
age-groups, particularly that of younger and older 


reproductive age-groups, are relatively unimportant. 


LibigusLo Characteristics OfmFrertility, schedules 

To see the long-range effects of the fertility 
schedules of 1960 through 1968, some demographic measures 
at the end of the process of stabilization for~each fertil- 
ity schedule are calculated. As the characteristics of the 
eventual stable population are, in fact, the characteristics 
of the demographic conditions imposed by us at the start of 
the process of stabilization, the demographic measures 
calculated at the end of the process are termed as intrinsic 
characteristics of the fertility schedules (U.N., 1968, 
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Table 4.4 summarizes the effects of the fertility 
schedules. It is clear from Table 4.4 that there is a mono- 
tonic decline as measured by crude birth rate and - ving 
U.S.A. fertility from 1960 to 1968. It will be recalled 
from Chapter II that the values of r, (xr = log’) and the 
crude birth rate for females show yearly reduction in fertil- 
ity from 1960 to 1968. The crude birth rate for females 
declined from 26.06 per one thousand in 1960 to 16.79 in 
1968. The effects of the decline in fertulitvyeare, Lelt ion 
the composition of the final age-distributions. The per- 
centage points for age 15 and below dropped from 34.82 for 
the 1960 schedule to 24.11 for the 1968 schedule while those 
for age 45 and above increased from 22.27 for 1960 to 34.77 
fOre L963. 

Besides 4,, the inertia of population is computed 
for each fertility schedule. The coefficient of population 
inertia has been defined by Bourgeois-Pichat (1971, p. 241) 
domceicmratilO.Ot tLhessizesOLeanpOpulation. at time: t tosthe 
Size of the same population at time t+n where n is the time 
interval. The coefficient of population inertia represents 
relative change in the size of a population at two points 
of time. Both the population inertia and }, are inter- 
related concepts in that both are relevant to growth 
potential. While population intertia shows relative change 
in the size of a population, hs is the dominant characteris- 


tic root. After a population has achieved stability, 
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the values of A, and population inertia are exactly the 
same LOD anystwo points of time. 

In our analysis, we have computed the population 
inertia by taking the ratio of the size of the population 
GeRticetamMcwOres tabmiazacion tO thersize or the initial 
population. Table 4.4 shows that by the time a population 
SaChtevVCSeolabislity, tues population wath 1960 fertility 
would be 45.84 times the initial population, 31.77 times 
Pier 1 alm pOpUlationewath L96.etertility, 43.3 times with 
1962 fertility, and so on. One could easily see the advan- 
SadeomOre Owe teCLtlui tye rrome table. 4.4. Except. tor 1962, 
the population inertia decreases with the decline in fertil- 
ity. The exception for 1962 fertility is due to the fact 
that with 1962 fertility the population stabilizes after 
205 years of projection while with 1960 and 1961 fertility 
schedules the stability is achieved in 195 and 175 years, 
respectively. Although the population with 1963 fertility 
schedule stabilizes in 210 years, yet the fertility level 
of 1963 is of such a magnitude that the population is less 
ChanethateOtelO2eLenc Lacy. 

INITIAL AND STABLE AGE-DISTRIBUTIONS 
PORBU SS Ane LIOU-—1968 
The Problem 

There are three determinants of each age- 

Ga siatput1on. (a) fertility and mortality schedules, 


(b) age composition of population, and (c) the interaction 
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between age composition and the schedules of fertility and 
mortality. (Coale;s 965) se Lte lst well ?recognized™thati the - 
stable age-distribution is largely determined by the in- 
trinsic rate of growth and the fraction of population p(a) 
which survives from age zero to a. Since we are using only 
one mortality schedule, one initial age-distribution, and 

a number of fertility schedules in our analysis, mortality 
and initial age compositional effects are controlled. Thus 
the stable age-distributions, in this analysis, are the 
result of the fertility schedules. Ryder (1960) has shown 
the effects of interaction between fertility distribution 
and the age composition of a population on the fertility 
rates. For example, Ryder (1960) has demonstrated that if 
the mean age of child-bearing falls, the fertility rates 
would increase,and the fertility rates would decrease if 
the mean age of child-bearing rises. 

From Coale's and Ryder's works, one can conclude 
that out of the three determinants of age, fertility, and 
the interaction between fertility and age composition are 
Vita lhyertmpOrcant..— concerning visualizations OLecne, DLOCeSS 
Otestabllization, CoOalew(19/2,—4p..104)mobserves: 

A very useful point in such a visualization 

is =recognltionsor sthiseraces elhere mustsne 

anvinttia SevopUualLlLOnmenatewouldsceneraLce 

exactly the same exponential birth sequence 

as any given initial population--without anv 

deviations "Ogee uctuationss Sihisepopulation 

has a stable age-distribution from age 0 to 

and a total size to age 86[(Q /b), /*C(a),_, 

WheresG (a) 1 sm hesproportiongsatsage. a ins the 


stable population ] such that the magnitude of 
its exponential birth sequence is the same as 


(pe, 


that of the given population. If this 

population is subtracted from the given ini- 

Cvalwagecadmstmabutioneupeto agesmeesthe 

remainder generates exactly the same devia- 

tions as the whole initial population--but 

a zero exponential sequence. 

Where the deviations or fluctuations between the 
initial and the stable age-distributions are important it 
is also important to study the properties of these devia- 
tions. The following pages are an attempt to explain the 
properties of deviations. The questions as to how :the ini- 
tial population forgets its past age distribution, how much 
Bact LlLers from its stable distribution, and the probable 


reasons behind the differences between the two distributions 


form the core of=this section. 


Analysis 

As mentioned earlier, the U.S.A. 1963 population 
is treated as the initial population. The age-specific fer- 
vie yeGatesmrore LNenUcovAmmrLLromel9608tOr LO6S™aremapplied | 
to the initial population to obtain the stable age- 
distributions for each fertility schedule. In all, there 
are nine stable age-distributions and one initial age- 
distribution. Geet 4.5 demonstrates the initial distribution 
and nine stable age-distributions, one stable population for 
each of the fertility schedules. 

The differences between the initial age-distribution 
and each of the stable age-distributions are depicted in 


Table 4.6. Each of the stable age-distributions is 
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subtracted from the initial age-distribution to get the 
percentage point differences for each age-group. 

The examination of Table 4.6 suggests that the 
index of dissimilarity (A) decreased from 1960 to 1962. 
Age-groups 0-4 to 30-34 are the ones which gain the propor- 
tions at the time of stabilization, while age-groups 35-39 
and above lose the proportions for 1960, 1961, and 1962 
fertility schedules. With the 1963 and 1964 fertility 
Schedules, the age-group 85+ (oldest of all) joined the 
younger age-groups (0-4 to 30-34) in increasing their pro- 
PoreLons eWithe | 9oomterti laity, thespattern Of. gains, or 
losses in the proportions by age-groups is changed. The 
young age-groups 0-4, 5-9, and 10-14 and age-groups 35-39 
to 70-74 lose while the rest of the age-groups gain propor- 
LiOnal yee thesappiicacion of 1966 fertility rates, 
the age-groups 0-4 to 15-19 and the age-groups 30-34 to 
95-59 lose proportionally while all other age-groups gain. 
With 1967 fertility, the age-groups 0-4 to 15-19 and the 
age-groups 35-39 to 50-55 lose and the age-groeups -20-24 -to 
30-34 and 55+ gain in proportions. Age-groups 0-4 to 15-19 
and 35-39 to 45-49 lose in proportions while the rest of 
the age-groupsegain in sproportion with b963ererta in ty 
schedule. 

On the basis of Table 4.6, it may be suggested 
that for higher fertility schedules, the younger age-groups 


gain proportions and the older age-groups lose in proportions 
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as it is eyident from the stable distributions of TOD On 
1961, and 1962 fertility schedules. Since fertility de- 
clines every year from 1960 to 1968, the older age-groups 
gain and the younger age-groups lose proportionally. It is 
evident from the table that the first age-group which is 
affected by a reduction in fertililty level at the time of 
stabilization is the oldest age-group(s). (For example, 
with 1963 and 1964 fertility schedules, age-group 85+ 

gained proportionately to the initial age-distribution.) 

It will be remembered that the stable population theory tells 
us that the initial age-distribution and migration component 
have no effect whatsoever on the stable ages VstLibutione 

As the fertility is further reduced the next older age- 
group(s) gain in proportions. This can be seen from the 
percentage point difference distributions for each ere tee ty, 
schedule. With 1965 fertility level (which is lower than 
that of 1963) age-groups 75-79, 80-84, and 85+ gain in pro- 
portions. With 1966 fertility schedule, age-groups 60-64 
and above gain proportionally; with 1967 fertility schedule, 
age-groups 55-59 and above, and with 1968, 50-54 and above 
Cai imine pLODOLtLI Ons. 

What happens to the younger age-groups? The 
younger age-groups gain with higher fertility level and lose 
in proportions with lower fertility level by the time sta- 
bilization has been achieved. Proportional gain by 


age-group 0-4 with the 1960 schedule is maximum when compared 
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with the gains by 0-4 age-group in all the other fertility 
schedules. With the decline in each subsequent ert ilo cy, 
Pevel che Gains 1ieproportions by age-group 0-4 become 
less and less until with the 1965 level they turn into actual 
losses. These losses increase monotonically until the 1968 
level has been reached. The continuing dwindling in the 
proportions of this age-group is positively related with the 
reduction in fertility. Age-groups 5-9 through 25-29 behave 
identically, although the correlation gets weaker and weaker. 
It is interesting to see that the proportionate 
differences between the initial and the stable age- 
distributions have varying patterns. With 1960 through 1962 
fertility schedules, the young age-groups (0-4 to 30-34) 
gain in proportions while the older age-groups (35-39 and 
above) lose. With 1963 fertility, the process of gains or 
losses in the proportion changes so that the oldest age- 
groups start gaining and the youngest age-groups losing. 
The pattern of positive and negative signs with 1960, 1961, 
aioe JO2 erertitr rye scicuules Sripoer Dy Pero erert il ty . 
There is no more consistent demarcation of positive and 
negative signs. The fact remains that with lower fertility, 
the older age-groups gain in proportions in a descending 
order of age and the very young age-groups lose in an 
ascending order of age. One could probably anticipate 
that with further reduction of fertility from 1968 level, 


the pattern of positive and negative signs in percentage 
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point difference distribution would form the pattern 
consistent with those of 1960, 1961, and 1962 fertility 
schedules. Such a pattern with lower fertility level 
would be soppositestomthat of higher*fertility levels 
vices ka, l9/ 3258p 03) he BEoueexamplevewithea Wow fertility; 
all those age-groups that gain with high fertility sched- 
ules would lose in proportions and the older age-groups 
which lose in proportions with high fertility schedules 
would gain with low fertility schedules (Kiser, 1968, and 
Rosset, 1966). 

In other words, low or high fertility produces 
older or younger populations by means of gains or losses 
in the proportions of age-groups. What about a fertility 
level through which either younger or older age-groups do 
not lose or gain in proportions? Or, if they do, the losses 
or gains in proportions at the extreme ages are negligible. 
Such a fertility level is possible in human populations as 
it is evident from the effects of 1965 fertility schedule 
on the age-distribution. Should such a population be 
classified as younger or older? A fertility level through 
which a population neither loses or gains proportions at 
the extreme ages can be classified as an ‘adult' population 
for the given age-distribution and the given band of fer- 
tility schedules. In an adult population, the major changes 


in the proportions occur in the middle age-groups. 
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The distribution generated by 1965 fertility schedule with 
Ghewlo 65 aage—distributionets, close to such an.stadult' 
concept. 

The understanding of the losses or gains in the 
proportions leads us to argue that the index of dissimilar- 
ity (A) for two different fertility levels may be the same 
but their distributions of gains and losses may well be 
entirely different. -In our nine distributions of percentage 
point differences (of which A is an outcome), it is evident 
that high fertility (1960) has the largest value of A and 
that the value of A decreases monotonically from the 1960 
through 1965 fertility schedules. From the 1966 through 
1968 fertility schedules, A increases monotonically. With 
another couple of still lower fertility schedules, the A 
would presumably increase further and reach a level close 
Pom NateOustNeeLIUO0MreuL LILY ss al hesl963 and L968 fertility 
schedules give almost identical indices of dissimilarity, 
yet the distributions of gains and losses are entirely 
different. This shows that the A alone does not render full 
information and that the complete percentage point difference 
distribution from which A is derived is necessary to 
illuminate further the differences between the two 
distributions. 

The index of dissimilarity has been used to state 


the distance of the initial age-distribution from the 
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Stable age-distribution (Keyfitz, 1968, Demme and 
Mukherjee, 1973). Mukherjee (1973) suggests that the 
Size of A can be used as a criterion to determine whether 
a population is stable or not. Out of different sets of 
initial and stable age-distributions, he treats one set 
as the standard one. The A computed for the standard dis- 
tributions is termed the standard index of dissimilarity. 
By uSing the notion of standard index of dissimilarity, 
Mukherjee (1973) states that the age-distribution with 
smaller than the standard A be considered as stable and 
the distributions with larger A than the standard one as 
non-stable. However, a comparison of the last lines of 
our Tables 4.4 and 4.6 shows that the size of A is a poor 
indicator of the temporal distance between an initial 
age-aO1ctoibution sand sits stable form. 

The distance between the initial and the stable 
age-distributions as suggested by Keyfitz and Mukherjee 
may be interpreted in two ways: (1) How much time the 
initial age-distribution with given fertility and mortality 
schedules would take to reach stability, and (2) How much 
Aesceble distributions di eters ine termssOlmproporti1ons? 
from its initial age-distribution. However, and to repeat, 
there is no one-to-one consistency between these interpreta- 
tions of the distance between initial and stable 


age-distributions. A detailed critical comment on Keyfitz's 
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and Mukherjee's argument is provided in the following 
chapter. On the other hand, A does show how much an ini- 
tial population changes its age when it achieves stability 
if a given fertility schedule is kept constant. A smaller 
value of A suggests that the initial population was reason- 
ably adult to begin with; that is, it has become neither 
older nor younger by the time of stabilization. In other 
words, the age of stable population is about the same as 


Pnewagesor the initials pooulation. 
CONCLUSION 


The highlights of the present chapter may be 
summarized as: 

1. Whereas the fertility of the U.S.A. declined 
ELOMmeEoO0mCO™ O68, cheLemisualsSopa changes in the pattern 
of contribution by age-groups toward the total fertility. 
PiesceVati ve contribution toward Cotal. fertility increased 
for younger age-groups (for example, 10-14), decreased for 
Older ages, but the pattern of fertility remained dominated 
by age-groups 20-24 and 25-29. 

2. In the percentage contribution toward total 
fertility, age-group 20-24 showed a decline from 1960 to 
1968 but it remained the modal age-group, while the 
age-group 25-29 showed an increase in the percentage 
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Bee COnttrabryecomthe suggestion of Keyfitz and 
Mukherjee, the index of dissimilarity does not suggest how 
distant, in the temporal sense, an initial age-distribution 
is from its stable distribution. Rather, the index shows 
the extent to which a population has changed its age during 
the process of stabilization. As an adjunct of percentage 
point difference distribution, the index of dissimilarity 
is a useful measure in showing how much older or younger 
a population becomes relatively to its initial age after 
a given fertility schedule remains constant. 

4. With narrow changes in our empirical fertility 
the very young and the very old age-groups of our one dis- 
tribution are affected. The middle age-groups of our one 
distribution are not as sensitive as the extreme age-groups 
in terms of gains or losses in the proportions. However, 
we have not considered, in this thesis, whether other age- 
distributions and different families of fertility schedules 
would produce different results, except for one used of 


Japanese data in Chapter V. 
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CHAPTER V 


DISTANCE BETWEEN INITIAL AND 
STABLE AGE-DISTRIBUTIONS 

In Chapter IV, we have found that the index of 
dissimilarity for a given age-distribution is a function of 
Changes in fertility. We also found that the A indicates 
fhesechanges in the age oOfean, initial population after the 
stabilization process has been completed. The large or 
Sia lucsOtm se rmawithietne aid Of the proportionate dis- 
tribution, shows how much an initial population would be 
younger or older at the time it achieves stability with 
a given fertility level. The size of A is predominantly 
affected by the very young or very old age-groups. However, 
our conclusions in this regard were based on only one age- 
distribution and a rather narrow range of nine fertility 
schedules. In this chapter, the arguments about the size 
of A and the distance between the initial and the stable 
age-distributions are continued and extended by examining 
the effects of a high fertility schedule and a below- 
replacement level of fertility schedule on the alg Sliasieul 
age-distributions. 

The notion of distance is widely used in 
mathematics and mathematical statistics, mainly in the 


analysis of topological spaces Gnviehie, Jee jos SIPs 
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Distance function is non-negative in nature. Index of 
dissimilarity may be classified as equivalent to the no- 
tion of absolute distance function. In this chapter, the 
distance between the initial and the stable age-distribu- 
tion means either (a) the proportionate difference between 
the initial and the stable age-distribution or (b) how much 
time an initial population with given fertility and 


mortality schedules takes to achieve stability. 
ANALYSIS 


The 1963 age-distributions for the U.S.A. and 
Japan and their respective fertility schedules are selec- 
ted. In all, four stable age-distributions, namely, A, B, 
Grande Dearcesoughe. aalnuG1stoiburion A, ethe U.S.A... 1963 
fertility and age-distribution interact to produce a stable 
age-distribution. Stable age-distribution B is an outcome 
of the U.S.A. 1963 fertility schedule and Japan's 1963 
ii ela beponul ation me ineaistiributaonsC, sJapanes fertility 
(U.N., 1963) and her 1963 age-distribution, and in D, 
dapanvomcert latyeand thesu.o.A 21963 eage—-disiribution 
interact, respectively. 

The interaction between the age-distributions 
and fertility schedules is summarized in the following 


form: 
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Interaction between Fertility Schedules 
and Age-Distributions* 


AGE DISTRIBUTION PERDUCILY 
10 stew ties WARS esc) JAPAN 1963 
Uoma Na A URS A D 


JAPAN, 1963 B Cc 


*Alphabetical characters in the cells are the 
resultant stable age-distributions. 


All the combinations of fertility and initial age-distribu- 
tions are exposed to the U.S.A. 1963 mortality schedule. 
Such an interaction between fertility and initial age- 
distributions aims at explaining the impact of the initial 
age-distributions (Keyfitz and Flieger, 1971, pp. 20-35) 

Ome ces pLOCceSss Otestabilization Of a population. 

Table 5.1 shows the initial age-distributions for 
the U.S.A. 1963 and Japan 1963 (columns 2 and 3) along with 
the percentage point differences between the two in 
column=4.. |-.In-columns 5<threugh 8, the -stable-age- 
dtstributionseby each) combinations ofeferti litymandsinieial 
age-distribution are presented. There are two identical 
stable age-distributions for each fertility schedule. Since 
these two stable age-distributions have different initial 
age-distributions, the indices of dissimilarity for the 


identical stable distributions must be different. 
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It is evident from Table 5.1 that the initial 
age-distribution of Japan is an unusual one with the first 
half of the age-distribution resulting from the low fertil- 
ity of the immediate past and the second half from the high 
fertility of the distant (assuming no migration) past. 

The initial age-distributions suggest that Japan had lower 
Prati ratese rom) )9>omtom) 963 thanythesUss-A. sin fact, the 
high proportions in the age-distribution of Japan start 
from age-group 10-14. This means that Japan's fertility 
betore, 1953 was higher than the fertility during the period 
1953 to 1963. Proportions in the age-distribution of Japan 
are higher than in the U.S. age-distribution between age- 
g@roups 10-14; through 35=39.5 shor other age-groups, the 
Uecehe distribution thas! proportions greater in size*than 
thosesor Japan's distribution. 

Table 5.2 demonstrates the index of dissimilarity 
and the percentage point differences between the initial 
and the stable age-distribution for each of the sets of 
fertility (A, -B,-C,.and D). In set..A, .the.fertility and 
the age-distribution of the U.S.A. 1963 interact to produce 
a stable age-distribution. The index of dissimilarity for 
set A is 6.92. It will be remembered that this set appears 
in Table 4.6, the 1963 column. Losses and gains in the 
proportions by the stable age-distribution from the initial 
age-distribution show that the older age-groups except 85+ 


lost while the younger age-groups gained proportionally, 
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SLOnmnying. thatiwehyOomU. own. wsontility.eventually sproduces 
a younger distribution. 

The interaction between U.S.A. fertility 
schedule and Japan's age-distribution in set B produces 
NM POL T8235. iWhesproportionate ‘difference between the 
initial and the stable age-distributions suggests that age- 
groups 0-4, 5-9, 10-14, and 65+ gained while the other 
age-groups lost proportionally. The three young age-groups 
shared a’most 82 per cent of the total gains in proportions 
while the five older age-groups contributed the remaining 
18 per cent. It shows that the Japanese POPUlataOn ei ceiLe 
adopts U.S. L.ertility of 19637, would eventually be 
a relatively younger population than it was in Ie NS Shs 

The interaction between Japan's 1963 fertility 
rates, which are below replacement level, and the U.S.A. 
1963 age-distributions (D) produces an older population. 
The young age-groups 0-4 to 20-24 lost while the older age- 
groups gained proportionally. The DEODO Gel Oncm OSteby 
age-groups 35-39 and 40-44 are very Sjisiudla Heleete GUSh ieistehy 
constitute only 1 per cent of the total losses. Had the 
fertility level been a little lower, age-groups 35-39 and 
40-44 would have gained, thus leaving all proportional 
losses to the younger age-groups. 

The percentage point difference Gast albu t Once) 
is a result of Japan's fertility schedule and Japan's age 


distribution. It shows a consistent pattern Of proporeional 
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losses and gains; that is, losses occur to all younger 
age-groups while all older age-groups gain. Out of A, Bie 
C, and D sets the index of dissimilarity is maximum for 
C and minimum for A. The value of A for A is 6.92; for B, 
SSO eCLO GEC, eS. Obs mandmtOral a) 3495 - 
DISTANCE BETWEEN INITIAL AND STABLE POPULATION 
IN TERMS OF PROPORTIONS 

fete uswexamine Keyfitz-.s (1968)) and) Mukherjee's 
(1973) argument that the size of A is an indication of the 
distance between initial and stable age-distribution. The 
distance as defined earlier may be interpreted alternatively 
in terms of proportions or the time taken by a population 
LOmachievesstability....1n—the sets A,B, C,-and D,-.we have 
seen that the interactions between the same fertility 
schedule and different initial age-distributions produce 
PietececwOLrsdissimitan tyson Ointerent Sizes. “ftels an 
axiom of stable population theory that with fixed mortality 
the eventual age-distribution is the eventual effect of the 
present fertility, while the initial age-distribution is 
the effect of fertility in the past. 

What the index of dissimilarity gives us, in 
fact, is the difference between the effects of the past and 
the present fertility. If the initial distribution is free 
of migration effects and the fertility of the past and 
present remained the same, the size of A would be equal 


to zero. If fertility of the past is higher than the 
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present fertility, the initial age-distribution which is 

the result of the past fertility would be younger in age. 
The stable age-distribution which is a result of the present 
(low) fertility would be older in age. Sum total of the 
differences between stable and initial age-distributions of 
BhesSinVvlargsigns7m@ 1:8 ,awolldibe) large: pamilar ly ,Gan 
initial<age-distribution#which iseolderyinlage andea younger 
Stable age-distribution would produce a large A. The size 
of the index of dissimilarity may be presented in the 


following form: 


Initial Population Stable Population 
Sze eO.ce th Level of Age Level of Age 
Large MO Unc Old 
Large Old Young 
Small Young Young 
Small Old Old 
Small Adult Adult 
Medium Adult Old 
Medium Adult Young 
Medium Old Adult 
Medium Young Adult 


As we have stated in Chapter IV, the A along 
with the distribution of the proportionate differences 
between the initial and the stable carsanabe race tells us 
about the aging process of a population when it converges 
to stability. A large A shows that the age of stable 


population is entirely different from the initial 
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population; a small value of A signifies little change in 
the age of the population and a medium size A shows a mode- 
rate change in age of a population at the time stability 

is achieved. 

So far, we have found that similar fertility 
schedules with dissimilar initial age-distribtuion or simi- 
lar age-distributions with different fertility schedules 
do not have the same value of the index of dissimilarity. 
To explain the differences in the values of the index of 
dissimilarity, we explored the possibility of examining the 
effects of fertility and the initial age-distribution sepa- 
rately on the stable age-distribution. As U.S.A. 1960 to 
1968 fertility schedules were applied to only one initial 
Population (U.GaA. §L963 age-distribution), one cannot mdke 
use of the nine stable age-distributions. Instead the 
S-animacvonsoLethe Avwub 1G, and, Dssets of fertility and 
age-distributions serves our purpose. 

Pars ODA = bye cC,eand D that have one’ of the 
two things (fertility-er initial distribution) in~-common 
are stormed as AB, AD, BC, and CD." “Pair AB has the, same 
Gerri ttye(Usoea elo OS mebutE Cc be rental ht tala es 
distributions. The difference between the values of 4 
inunevand Peis (G.92=8.55) 01-43 (ignoring the sign)." This 
difference is divided by the larger value of A in the 
pair. The multiple of 100 would give us the percentage 


contribution of the initial distribution towards the 
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dissimilarity sof jthesestable distribution. \The,same .process 
may be employed in evaluating the effects of fertility. 


The following percentages are the product of this approach. 


Difference in Difference in 
Pair A A Due to 
AB Ae, 2S Age-distribution 
AD 50.39% Fertility 
BE 5oe2ce Fertility 
CD 25.20% Age-distribution 


i 


Tooal copa peandeAD, aly si Zaperecent. ands 50.39 per 
cent differences are explained as the differences due to 
age structure and fertility, respectively. In Dalcse be 
ence CGD neo bee 2eandp 25. 20mperecenty differences in A are due 


to fertility and age structure, respectively. 


LENGTH OF THE PROCESS OF STABILIZATION 


Wepsawmthatetlomn mr sean unaicacorsofethe 
distance of initial population from its stable form in 
terms of proportions, but the available evidence discussed 
above has shown that it is a poor indicator of temporal 
distance. We have seen in the preceding pages that the 
similar values of the ‘A (1963 and 1968 in Table a )meCan 
be the result of different combinations of past and present 
fertility. The other aspect of the distance of initial 


population from its stable form isethemlengehyor the 
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process of stabilization; that is, how much time the 
initial population, with given schedules of fertility and 
mortality, takes to reach stability. 

The length of the process of stabilization has 
been discussed in literature. Coale (1972, p. 92) has 
developed mathematical expressions for the coefficients of 
the various terms in the birth sequence as a function of 
the initial age-distribution. These coefficients are 
determined by the net fertility schedule. For the differ- 
ent initial age-distributions that are subject to the same 
net fertility function, the magnitude of the coefficients 
in the birth sequence are analysed by Coale (1972, pp. 100- 
MOA yeecO examiner the initial circumstances that lead to the 
deviations from the exponential birth sequence and the rate 
at which a population converges to its stable form. It has 
been observed that the small deviations from the exponen- 
tial birth sequence imply rapid convergence toward 
stability while the large deviations imply slow convergence. 

Revere TOW 2 pe Loc) ticcmitalemii ccs One ciic 
fire four moments Of the net Maternity etunctsOon tO, gener 
alize about the time of stabilization. In Keyfitz's words: 

. . - The convergence will be more rapid 

the greater the positive amount of the third 

moment: skewness on the right hastens con- 

vergence.» | Them-ourteh momentractSein™ the 

opposite direction to o* in the numerator 


and in the denominator: negative kurtosis 
helps convergence (1972, p. 10). 
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Coale's and Keyfitz's analyses of the rate of 
convergence to stability are extensive in mathematical 
BEeaementeoutecOOmLeC nical to, £LOllOw.. = In) the present 
section, an attempt is made to explain the length of the 
process of stabilization using the notion of interaction 
between the initial populations and the fertility schedules. 

Table oesmsiowomtnac tor the UToeAe tert rty 
schedules for 1960 through 1968, the time taken by initial 
age-distribution to achieve stability as defined in Chap- 
ter II does not seem to be related with either fertility 
or with indices of dissimilarity. Time for stabilization 
is maximum for the 1967 and 1963 fertility schedules. The 
initial population takes least time to stabilize with 1961 
and 1964 fertility schedules. However, it is difficult to 
determine the relationship between time taken to achieve 
Stability and the fertility schedules. 

Relying exclusively on the one selected U.S.A. 
age-distribution, one gets meagre results. As evident from 
Table 5.3, fertility does not have any consistent relation- 
ship with the length of the process of Spabisization. 

Since mortality is also kept constant for all age-distri- 
butions, we are left with only the analysis of the initial 
and stable age-distributions. 

For the four sets of the interaction between 
Gere lity eoncmin: teat age-distribution (A, B, C, andsD)?, 


the time taken in achieving stability is 210 years for 
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IVANBUIA ST aig 6 


Lengtheot eches Process: of jStabil1Zatt OnmGOr Uso JA, 
Fertility Schedules 1960-1968 by the 
Index of Dissimilarity, Using U.S. 1963 Female 
Age-Distribution as Initial Population 


ye Length of the 
Hertalyty Index of Dissimilarity © Process 
Schedule 

(in years) 


1960 10.10 195 
1961 9.85 175 
1962 8.34 205 
1963 6.92 | 210 
1964 5.58 185 
1965 4.37 190 
1966 Leip 200 
1967 6.08 215 
1968 703 200 


te eReISIA Bottom row of our Table 4.6 


Eeonreee Bottomsrow_ Of our Table 3424 
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SeLeAye Ss Usyvearc LOnmo peo Gsyears Lor C, and 2390) years®=for 
Daplables5.4) - sASHdi1scussed carliern in,this chapter, sets 
A and B have the same fertility but dissimilar initial age- 
distributions; also C and D have the same fertility but 
dissimilar initial age-distributions. Sets A and D have 
different fertility but the same age-distribution, while 
Band -G have the-same age-distribution but different 
fertility schedules. 

What we do know is that the foremost task of 
a given fertility schedule in the early years of projec- 
tions or during the early part of the process of 
Stabilization is to remove the oscillations inherent in 
the age-distribution due to past fertility changes, past 
age-misreparting and past migration (Chapter Dot) Pera acer 
the severe oscillations are overcome, the process of sta- 
bilization is rapid. Such a reasoning is supported by the 
Hength of the; process of Stabilization tor sets A, 8B, Cy, 
and D from Table 5.4. 

It can be demonstrated graphically that the crude 
birth rate for females during the process of stabilization 
fluctuates for a longer period of time for the set B where 
U.S.A. fertility is applied to Japan's age structure and 
set D where Japan's fertility is applied to U.S.A. age 
structure. The fluctuations in the crude birth rate dis- 
appear in sets A and C earlier than slg, 15) febate, By abeh qelele 


sets A and C, the combination of fertility and age-structure 
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TABLE 5.4 
Length of the Process of Stabilization by Fertility 


Schedules and Initial Age Distributions (in Years) 


AGE FERTILITY SCHEDULE 
DISTRIBUTION Weise sts jo SBSH Sys) JAPAN, 1963 
We Seis A AIS 210 390 


JAPAN, 1963 | 230 350 
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is from the same population; that is, in set A, the U.S.A. 
fertility and U.S.A. age-structure interact and in set C 
Japan's fertility and Japan's age-structure. 

Three conclusions can be drawn from the preceding 
discussion: (1) Low fertility schedules take a longer time 
to stabilize than high fertility schedules, (2) Fertility 
schedule foreign to the initial age-structure takes rela- 
tively more time to achieve stability than the fertility 
schedule which is a product of the initial age-structure, 
and (3) A low fertility schedule interacting with an initial 
population that is foreign to the schedule takes the maxi- 
MUMmerMncmrOrm Stabllizetionethans(l)) or (2). For further 
elaboration of these conclusions, the following observations 
from Table 5.4 are made. 

Ace Wweuknow elbm seclericulteto  Cclassity vapan's 
age-structure of 1963 as either young or old since it has 
smaller proportions at younger and at older ages and larger 
proportions at the reproductive ages (see Chapter IV). We 
also demonstrated in Chapter [11 (Figures, 3-2, 3.3, “and 
3.4) that low level fertility schedules take more time to 
smooth the distributions. The Japanese 1963 fertility 
schedule of below replacement level takes a relatively 
longer time to smooth out the inconsistencies in the ene ea 
age-structure (sets C and D in Table 5.4). 

TneseteDpsthestimemtaken tor stability 1s 390 


years, which is longer than that of C. In the case of set D, 
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fertility remains the same as of C (Japan's fertility) 

but thersinitialsage=structurehis tthatsof sUaSJAi sarThus; 
the longer process of stabilization for set D than C is 
due to both fertility below replacement level and a foreign 
ede-StruclturecminuesecteDyewille win usetrcaonly crertility of 
negative growth potential is the cause of the lengthy 
process. Set B takes more time to stabilize than set A. 
SincesUson LI63%Eertibityeis used sinesets -Anand+B,; «which 
is relatively of higher magnitude than that of sets C and 
D (Japan's 1963 fertility), it takes less time to overcome 
thiesmoscr | lations Vin tehesinitiakbrage—structure fand hence 
SmchOucer timeltorestapi rZation thaneGhand DtayThe :dif-— 
ferences in the time of stabilization between A and B are 
dues couthe ainativesfandeitoreign™ age-structure, respec- 
tively, as are those between C and D. 

We can now attempt to throw some light on the 
inconsistent pattern of the length of the process of sta- 
basizatidom, inelable=5.5 7 aekeeping sinemindealikithestime 
that the nine stable populations there arise out of one 
initial age-distribution. As we know that the U.S.A. 

1963) popu lationgis weinefact penot jagclosedmpopulationy, = the 
initial age-distribution used for the nine fertility. 
schedules is distorted due to migration and other factors. 
Therefore, it is unrealistic to assume that 1963 fertility 
echedu vevomethica Ae Aneelomcic = native fand gthemrest® are 
UEOcel Gnu cOmtiCwUno wAnwebo ose age-distribution. | However, wae 


may be noted that stabilization time for all fertility 
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schedules of the U.S.A. 1960-1968 lies in between 175 to 
215 years, which shows that the time of stabilization varies 
with the degree of 'foreignness' of a fertility schedule 


from the initial age-structure. 
CONCLUSION 


We have dealt with the distance between initial 
and stable populations, both in terms of proportionate 
Gitrerencesand an terms offtime Of stabilization. We have 
demonstrated in the present chapter that the size of the 
HidexmOLeOtTSSiMmilarcrtyeLsima  POOl 1ndicator, .1f it is an 
indicator at all, of the temporal distance. Our analysis 
shows that the proportionate differences are related with 
the aging process of a population. 

The length of the process of stabilization is 
found to be related with (a) the level of fertility, 

(b) the degree of agreement between fertility and initial 
population, and (c) the interaction between (a) and (b)e 

It is observed that low fertility schedules take a longer 
time to stabilize than high fertility schedules. The de- 
gree of 'foreignness' of a fertility schedule to the 
initial population is positively related with the time of 
Stabilization. However, if a low fertility schedule inter- 
acts with a 'foreign' initial population, the time of 
Stabilization is longer than that for the first two 


instances mentioned above. 
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CHAPTER VI 


SUMMARY AND CONCLUSION 


In this chapter summary of the major findings of the 
present research is presented and some suggestions are also 
made to promote the use of the stable population model in 


socio-demographic research. 


MAJOR FINDINGS 


The present study starts by reviewing models of 
mortality, fertility, and population growth. Some aspects 
of a stable population model are examined by means of the 
projection matrix approach. Questions such as how the sta- 
bilization process of a human population can be visualized, 
and how far is the initial population from its stable form, 
and how the aging process of a population takes place, are 
dealt with. 

Tt must be emphasized, however, that our conclusions 
are based on limited observations. Data used in our study 
have limitations such as narrow range of fertility changes, 
one mortality schedule, and one initial age-distribution 
(except ineChaptem Vm nererOre, ms uies resultssor conclusions 
of this thesis should be interpreted with caution. 

The process of stabilization is examined by means 


of the notion of slope(s) (one of the several tools of 
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analysis) of an age-distribution. Slope of an age 
distribution is defined as the difference between the pro- 
portions of two successive age-groups. And it has been 
possible to demonstrate, theoretically and empirically, 

that the slope notion is both a valid and reliable criterion 
to study the stabilization process. 

The mean and variance of the slope distribution 
are used to investigate the fertility effects on the 
stabilization process. It is noted that during the early 
period of population projections, any marked 1ereguilari— 
ties in the age-distribution inherited from the initial 
age-distribution are eliminated by fertility schedules. 
High fertility schedules overcome these irregularities in 
less time than low fertility schedules. At the start of 
Ehe process of istabiization, ethe relationship between the 
variance of the slope distribution and the fertility level 
is negative but during the process this relationship 
diminishes. At the end of the process, the variance is 
related to the aging of the population. 

The stabilization process simultaneously manifests 
the aging process of a population under given conditions 
of fertility and mortality. Excepting the extreme changes 
Tiemontall ty eloeLs well-documented in the literature that 
ashigher fertibity? schedule eventually produces a younger 


population while a low fertility schedule produces an 


~~ 


. 
‘ 
int f 
= 
‘ 
ee. « 
a 
a be 
a} 
sne r+ 
ia Oo SP 
¢ 
} att olen 
4 
* * 
° > r 
i 
r = 
Py * 
MY - al 
a0 ae 
= i * 
+@ ry F 
- oe 
Me 
4 
ee a on 
i 
é 
oy — es 
se) 
ied shies. 
9 


j i * - 
a ea & P+ 
ee ~~ oo — a 4 


4 7 


Hb leith 


older population. It is indicated in Chapter IV that the 
extreme age-groups (very young and very old) are the most 
responsive to the level of fertility. With a VOWeGeGCL ELLY. 
schedule, the young age-groups lose while the old age-groups 
gain proportionally; and with a high fertility schedule, the 
old age-groups lose and the young age-groups gain 
proportionally. 

It has been demonstrated that, over a period of time, 
changes in the age-distribution of a population depend on the 
differences between the past and the present fertility. By 
Past certility we sreter .to the Geonlv hit yeworchmpLoduced Lhe 
initial age-distribution and the present fertility crelers to 
the fertility which produced the stable age-distribution. If 
the level of the present and the past Tete Gy elo etne = sane 
and the migration component is zero, there would be no 
change in the age-distribution of a population. 

The discussion of the aging process of a population 
leads us to infer about the distance between the rib gLven ke ail “ehetel 
the stable age-distributions. This distance is analysed by 
means of (1) the proportionate difference between the stable 
and the initial age-distributions, and (et hemt 1 Mesa nee lis 
Cita aero tesier takes to achieve stability with given 
fertility and mortality schedules. In expressing the 
distance between the two distributions, the index of dis- 
similarity was used following Keyfitz (1968) and Mukherjee 


(1973). We have found that the index of dissimilarity is 
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a good indicator of the aging process of a population. 

The time of stabilization is found to be related 
with the level of fertility and the consistency between 
the fertility schedule and the initial age-distribution. 
It is observed that high fertility schedules take less 
time to stabilize than low fertility schedules. Time of 
stabilization is also negatively related with the degree 
of consistency between the initial age-distribution and 
the fertility schedule. For example, a very young initial 
age-distribution with low fertility stabilizes over a longer 
period of time than an old initial age-distribution with 


low fertility. 
SOCIOLOGICAL RELEVANCE OF THE STABLE POPULATION MODEL 


The stable population model is of interest in 
technical demography especially in the areas of estimation 
of population parameters. The reason that this model has 
not been adopted by researchers in the study of social 
phenomena is owing to its abstract (and hypothetical) 
nature. While it is a truism to say that no population is 
stable in nature, studies of the effects of fertility on 
age-distribution, hence changes inherent in a population, 
are of interest in the formulation of policy on economic 


and social development. 
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Thewlongaeandsshortotermrestcéets sonetheschangesmin 
the demographic phenomena affect the socio-economic aspects 
Of a society inva variety of ways. “Short-term effects of 
fertility have been discussed by Easterlin (1961, 1968), 
Akers (1968), Krotki (1969, 1970), Feeney (1970) and Keyfitz 
(N97 2)). sel ethiesenceudressdcea ewithuthe =erlects sof ipostwar 
"baby boom' on the life in the U.S.A. and Canada. The focus 
of these is generally on marriage market, labour market, 
Socialswelfare, and social mobility, but they do signify 
how the demographic changes bring about disruptions, however 
unobtrusive, in the on-going process of social life. 

Gack of information on the oscillations in the 
demographic phenomena can impede the effectiveness of social 
planning, because these oscillations are closely tied in 
with the other aspects of collective social life. A case 
in point is the report of the U.S. Commission on Population 
Growth and American Future (U.S., 1972, p. 110) about the 
feasibility of achieving an immediate zero population growth 
sje (eleven Wisishac 

i aSomescal ledetorezerosgnowen ammedrarely. 

But this would not be possible without consider- 

able disruption to society. | While» there are 

a variety of paths to ultimate stabilization, 

none of the feasible paths would reach it 

immediately. Our past rapid growth has given 

us so many young couples that, even if they 

merely replaced themselves, the number Ofebrnths 

would still rise for several years before level- 

ling off. To produce the number of births 


consistent with immediate zero growth, they would 
have to limit their childbearing to an average of 
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only about one child. In a few years, there would 

be only half as many children as there are now. 

This would have disruptive effects on the school 

system and subsequently on the number of persons 

entering the labor force. Thereafter, a constant 

Ota POopulaticonecould be maintained ondy 15 this 

Smalleqencratronmin turn nadstwo children and their 

grandchildren had nearly three children on the 

average. And then the process would again have to 
reverse, so that the overall effect for many years 

WoULGdebemtnatecmuan=saccord1on—-1tke continuous 

expansion and contraction. 

Tt is useful to visualize the long-range effects of 
demographic variables for long-term socio-economic planning. 
For example, if the U.S.A. experiences the fertility schedule 
Sie 9c0meorsa long period of time, say 195 years, the popula— 
tion size would be almost 46 times the size in 1963. Such 
a figure looks more dreadful if one imagines that after 
195 years from 1963 there would be 46 times more cities like 
New slork Or Chicago. 

High fertility also poses economic problems. In 
the case of developing countries, for example, the impact 
of a population increase on educational development may be 
found in a variety of studies (Jones, 1969; Jones and Mitral, 
1969; Jones and Kayani, 1971). Taken together, these pieces 
of research have indicated how the demographic variables can 
obstruct the attainment of educational goals in developing 
countries. 

High fertility can have some repercussions on 


developed countries as well. For the U.S.A., Reed and 


McIntosh (1972) have estimated that the total arscounted 
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andeuncda ScOUnLedmCOStmOL aplirst child asa559F.627 and 
$98,361, respectively. From most of the studies on cost 
and benefit analyses one can infer that in a high fertility 
schedule, a nation has to spend a lot to meet the require- 
ments of raising children both qualitatively and 
quantitatively. 

Owing to the problems resulting from high fertility, 
developing countries are concerned with bringing down high 
growth rate in their populations. The developed countries 
such as the U.S.A. and Canada are heading toward the goal 
Of Zero population growth. «For the U.S.A.,!the concern with 
population planning is accented by the Commission on Popula- 
tion Growth and American Future (U.S., 1972) recommending 
the goal of zero population growth in the near future. It 
has been argued by the Commission that the zero population 
growth would contribute significantly to the nation's ability 
to solve its problems associated with the quality of life. 
Tt may be noted that the Commission's recommendations are 
based primarily on the works of Frejka (1968, 1972) and 
Coale (1972a). Both of these authors have shown how a sta- 
tionary population can be achieved and maintained and what 
kind of social benefits will accrue from the stationarity. 

This poses a key dilemma before the designers of 
Population poOlicye mnOu CeLective population policy, 

a constant age-distribution is desirable. The low fevbidlity. 


will take longer time to produce a constant age-distribution 
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PVeanmeiemiacnmrenciuauyemmmOn che Otherehand, 1gh Lertr lity 
will speed up population growth. 

Several long-term advantages of low fertility are 
conceivable. However, a new set of problems associated with 
the aged people emerges as a by-product of the phenomenon of 
MOWeCCLUeUli ty.) "FOL example, in the Usc.A. during tne past 
few decades, public concern about the aged people has been 
expressed in terms of their increasing needs for money and 
Realenecares (Uc 71972) se thesU.s. Population Commission 
(1972) has pointed out the two sets of issues resulting from 
the increasing number of the aged people. The first set of 
issues involves matters of public ethics, personal prefer- 
ences, and allocation of public expenditure. The second 
set of issues is concerned with the type of institutional 
care required for the growing number of the aged people in 
the population. 

Another by-product indirectly stemming from low 
fertility but directly related with the presence of the aged 
people is the problem of their roles and statuses in society. 
There is an appreciable decrease in the role and status 
evaluation of the aged people. They become, more or less, 
non-participants in the life-sustaining actlvVLeTes=OL=sO— 
Ciety. “It is*almost inevitable that the society of which 
these people are a part will have to take care of them. 
Alternatively, if the rate of fertility continues unhampered 


the society will be faced with a younger population and the 
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PEOOLCNsmassOClalecdswitimcne sralsing and up-bringing of 
younger people. Writers such as Ryder (1964), Riley, 
Johnson, and Fonex (1972) have demonstrated how the problems 
of the aged may become as serious as the problems of an 
increasing number of young people. Therefore, an increase 
or decline in fertility may be viewed from the societal 
perspective as to the desirability of having a large number 
of older people over the younger ones, or the other way 
around. 

To sum up, the stable population model is 
a theoretically stringent model in that it is unlikely that 
any population could ever achieve a stable form. Thus, the 
Moceliitselts.s imestoictive pbut taljlows fom envisioning 
possibilities of a “stable” population. To overcome the 
restrictiveness of the stable population model, demographers 
have developed various alternative conceptualizations. Most 
populations of the world would fall under one or the other 
of these conceptual formulations, hence their practical use- 
fulness is undeniable. However, the usefulness of the stable 
population lies in its abstract nature. The model can serve 
as an umbrella under which the less abstract concepts such 
as 'near-stability,' 'semi-stability,' and 'quasi-stability' 


can be placed. 
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